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Conversion Factors,
Non-SI to SI Units of
Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Multiply By To Obtain

acres 4.046.873 square meters

degrees (angle) 0.01745329 radians

cubic feet 0.02831685 cubic meters

feet 0.3048 meters

inches 25.4 millimeters

mios (U.S. statute) 1.609347 kilometers

pounds (mass) 0.4535924 kilograms

pounds (mass) per cubic foot 16.01846 kilograms per cubic meter

square miles 2.589998 square kilometers
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Summary

The authorized plan for the Demonstration Erosion Control (DEC) Project
in the Yazoo Basin, Mississippi, provides for the development of a system for
control of sediment, erosion, and flooding in the foothills area of the basin.
The area's 15 watersheds are Abiaca Creek, Batupan Bogue, Black Creek,
Burney Branch, Cane-Mussacuna Creek, Coldwater River, Hickahala-Senatobia
Creek, Hotophia Creek, Hurricane-Wolf Creek, Long Creek, Otoucah La Creek,
Pelucia Creek, Sherman Creek, Toby Tubby Creek, and Town Creek
(Charleston).

Public Law 98-8, the Emergency sobs Appropriation Act of 1982, provided
for the initial authorization of the DEC Project as a cooperative effort through
the U.S. Department of Agriculture (USDA) Soil Conservation Service. Public
Law 98-50, the Energy and Water Development Appropriation Act for Fiscal
Year (FY) 1984, further directed joint effort by the U.S. Army Corps of Engi-
neers and Soil Conservation Service for the foothills area of the Yazoo Basin.
Public Law 99-662, the Water Resources Develupment Act of 1986, specified
that the DEC Project was authorized by Public Law 98-8, and further directed
that the DEC Project was exempt from the cost-sharikg requirements of Public
Law 99-662.

To assist in the evaluation of the performance of erosion control features
installed as part of tI. DEC Project, the Hydraulics Laboratory (HL) of the
U.S. Army Engineer Waterways Experiment Station (WES) initiated a compre-
hensive monitoring program in July 1991. The WES portion of the DEC
monitoring program is designed as a multiyear program planned through
F'Y 1997. The components of the monitoring program, including the design
and implementation of an engineering database, development of evaluation
procedures and design tools, and all field data collected through June 1992 are
presented in detail in this report.

The field data collected through June 1992 for hydraulic structures monitor-
ing included stage measurements at 29 continuous recording gauges and 33
crest gates, located in 9 DEC watersheds (Black River, Abiaca Creek, Cold-
water River, Hickahala-Senatobia, Burney Branch, Hotophia Creek, Otoucalofa
Creek, Batupan Bogue, and Long Creek). Also, detailed channel geometry
data were collected at 20 sites in 9 DEC watersheds (Black Creek, Abiaca
Creek, Coldwater River, Hickahala-Senatobia, Burney Branch, Hotophia Creek,
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Otoucalofa Creek, Batupan Bogue, and Long Creek), representing the initial
survey in a series of semiannual surveys designed to evaluate long-term chan-
nel response to changes in hydrologic and hydraulic regime.

The engineering database/Geographic Information System (GIS) being used
in the DEC monitoring program to manage the large amount of data being
assembled is based on Intergraph hardware and software. As of June 1992, the
database includes the locations of all existing Corps low-drop and hig.' -drop
structur s, bank stabilization works, levees, floodwater-retarding structures, and
riser pipe structures in all 15 DEC watersheds. The database contains digital
elevation models (DEM) for all 15 DEC watersheds. The database also
includes aerial photos (registered to state plane coordinates) for one watershed
(Coldwater River) and Spot-view satellite photography for four other water-
sheds (Black, Hickahala-Senatobia, Cane-Mussacuna, and Hurricane-Wolf.
Land use data on 1-acre grids are in the database for five watersheds (Cold-
water, Hickahala-Senatobia, Long, Cane-Mussacuna, and Hurricane-Wolf).
The database contains all major tributaries and highways for all 15 watersheds.
Soil grid data for one watershed (Coldwater River) are in the database.

Detailed geomorphic studies were conducted on three watersheds using
survey data from 1985 and 1991. The surveys consisted of channel profiles
and cross sections made at half-mile intervals. The surveys were used to
assess channel changes from 1985 to 1991. Channel profiles w'!re compared
to determine zones of aggradation or degradation. Channel cross sections were
compared to determine width and depth changes. Finally, the channel
geometries were applied to the HEC-2 computer model to evaluate changes in
hydraulic parameters resulting from the channel changes between 1985 and
1991. In addition, a broad-based geomorphic assessment was conducted using
aerial reconnaissance videos on all 15 watersheds.

An Intergraph-based procedure (design tool) that takes advantage of the
engineering database/GIS was developed to support the U.S. Army Engineer
District, Vicksburg, hydraulic design of riser pipes. The procedure automates
a number of the steps previously done manually, resulting in significant reduc-
tion in the time required to conduct the hydraulic design for riser pipes. As of
June 1992, the procedure was available for application in the Coldwater Rivr
basin.

A design procedure for stabilizing incised channels (design tool), based on
the computer program "Hydraulic Design for Channels," SAM, was developed
and tested on a DEC watershed (Long Creek). The test application consisted
of evaluating the effectiveness of low-drop structures in stabilizing the stream
channel against further degradation. The proposed procedure has merit in
assisting the engineer in designing structural solutions that have the potential
for long-term beneficial impact in reducing channel degradation and
streambank erosion.

To initiate the evaluation of the hydraulic performance of selected struc-
tures, two high-drop structures (on Hotophia Creek and Burney Branch
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watersheds) and four low-drop structures (one on Long Creek and three on
Batupan Bogue watersheds) were instrumented to collect stage data just
upstream and downstream of the structure. Once sufficient data are collected,
factors to be evaluated include discharge coefficients, energy dissipation, flow
distribution, and effect of submergence on performance.

The potential for bendiay weirs as streambank protection in DEC water-
sheds was tested using a physical model. The bendway weir concept was
previously developed on a WES movable-bed model study of reaches on the
Mississippi River. Since in those previous studies the weirs redistributed the
movement of water and sediment through bendways, the idea that bendway
weirs may prove beneficial in bank protection by reducing outside-bend veloci-
ties was logical. Even though the model study was limited in scope, testing
only a few options, enough was learned to design a reasonable application for
a field demonstration of the bendway weir concept.

Another model study was initiated to investigate the feasibility of a sheet-
pile grade control structure with a 10-ft drop. Current design criteria for a
sheet-pile grade control structure limit the drop height to 6 ft. The purpose of
this study is to modify and/or develop guidance, regarding both the hydraulic
design and the stable riprap design to accommodate a 10-ft drop structure.

The results and conclusions of each part of the monitoring program for
FY 92 are described in this report.



1 Introduction

Background

The Demonstration Erosion Control (DEC) Project provides for the devel-
opment of a system for control of sediment, erosion, and flooding in the
foothills area of the Yazoo Basin, Mississippi (Figure 1). Structural features
used in developing rehabilitation plans for the DEC watersheds include high-
drop grade control structures similar to the Soil Conservation Service (SCS)
Type C structure; low-drop grade control structures similar to the Agricultural
Research Service (ARS) low-drop structure; pipe drop structures; bank stabili-
zation, which includes riprap, longitudinal and transverse dikes, and riprap
bank protection; and a combination of retention and detention res&rvoirs. In
addition, other features such as levees, pumping plants, land treatments, and
developing technologies may also be utilized.

Evaluation of the performance of these erosion control features can contrib-
ute to the improvement and development of design guidance. Most of the
previous Yazoo Basin evaluation has been limited to single-visit data collec-
tion, with no comprehensive monitoring of the structure or the effect of the
structure on channel stability. The portion of the DEC Monitoring Program
being conducted by the Hydraulics Laboratory, U.S. Army Engineer Water-
ways Experiment Station (WES), is a multiyear program initiated in late Fiscal
Year (FY) 1991 and planned through FY 97. To fully document the impacts
of the DEC project will require more than 6 years. A monitoring plan for the
DEC project after FY 97 will be provided at the appropriate time.

Objective

The purpose of monitoring is to evaluate and document watershed response
to the implemented DEC Project. Documentation of watershed response to
DEC Project features will allow the participating agencies a unique opportunity
to determine the effectiveness of existing design guidance for erosion and
flood control in small watersheds.

The objective of this report is to document the WES monitoring activities
during the period from March 1991 through May 1992.

1Chapter 1 Introduction
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Approach

To provide the information necessary for the effective evaluation of the
DEC Project, the DEC Monitoring Program includes eleven technical areas that
address the major physical processes of erosion, sedimentation, and flooding:

a. Stream gauging.

b. Data collection and data management.

c. Hydraulic performance of structures.

d. Channel response.

e. Hydrology.

f Upland watersheds.

g. Reservoir sedimentation.

h. Environmental aspects.

i Streambank stability.

j. Design tools.

k Technology transfer.

The WES portion of the monitoring program has primary responsibility for
all technical areas except stream gauging and environmental aspects. The
primary responsibility for these technical areas rests with the U.S. Geological
Survey (USGS) and ARS, respectively.

Technical Area Descriptions

The following is a general description of the work being performed by
WES in the nine technical areas.

Data collection and data management

The purpose of the data collection and data management technical area is to
assemble, to the extent possible, all data that have been accumulated to date in
the DEC Project, and develop an engineering database that will be periodically
updated as new monitoring data are collected and analyzed. The database
resides on an Intergraph workstation, and access to the database is made user-
friendly with Intergraph software. The database is available to all participants
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in the monitoring program to provide for analysis and evaluation of the various
elements of the DEC Project. In addition to the extensive hydraulic and sedi-
mentation data being collected in the monitoring program, the database con-
tains survey data, aerial photography, conventional photography, USGS digital
elevation grids, USGS quadrangle maps, watershed development master plans,
project feature designs and specifications, trip reports and field observations,
study reports by others, and all reports and professional papers published as a
result of the monitoring program.

Hydraulic performance of structures

Six grade control structures were selected for detailed data collection to
evaluate hydraulic performance. The structures were selected on the basis of
special features, including high drop, low drop, significant upstream flow con-
striction, limited upstream flow constriction, free flow, and submerged flow.
The structures were instrumented to collect data to evaluate discharge coeffi-
cients, energy dissipation, flow velocity distribution, and effects of sub-
mergence on performance. All riprap bank stabilization measures in each
watershed will be visually monitored and problem areas identified. A mini-
mum of three riprap bank stabilization installations including riprap blanket
revetment, riprap toe protection, and riprap dikes were selected to evaluate toe
and end section scour. Data are being collected during runoff events to mea-
sure magnitude and location of maximum scour and the corresponding hydrau-
lic parameters. This technical area also includes the construction of a physical
model of a low-drop structure. The model is being used to determine if cost
reduction modifications can be made to the low-drop structure design that
either maintain or enhance performance characteristics.

Channel response

The channel response monitoring is directed toward two major areas: chan-
nel sedimentation and channel-forming discharge. Monitoring for channel
sedimentation includes an annual geomorphic update of selected watersheds.
In addition to the geomorphic update, 20 sites where structures exist or are
anticipated were selected for intensive monitoring over the life of the program.
Channels upstream and downstream of the selected structures are being moni-
tored for cross-section changes, thalweg changes, berm formation, bank failure,
and vegetation development. Five additional sites where no structures are
planned are also being monitored. These five sites serve as a control group
and assist in the evaluation of channel response to structures. Photo documen-
tation of structures and channels is being conducted and included in the data-
base. A subset of these structures and channels is being instrumented for
stage, discharge, suspended sediment concentration, and bed-load material
measurements. The numerical sediment transport model HEC-6 and the new
computer program SAM (Thomas et al., in preparation) are being used to pre-
dict the stability of channels monitored by this work effort. Also, the DEC
watersheds are providing data that will be used to test design procedures and
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techniques for the channel-forming discharge concept. Successful development
of such channel-forming discharge methodology could result in significant
design cost savings for the DEC project.

Hydrology

Rainfall provides the energy to sustain erosional processes. The ability to
measure rainfall and compute runoff accurately is crucial in the design of
stable flood control channels. Accurate flow rates are needed to design
functional project features properly and maintain stability in the channel
system. HEC-1 hydrologic models of a selected number of watersheds are
being developed. Hydrologic modeling and hydraulic structures monitoring are
being coordinated so that hydrologic parameters used in HEC-1 can be deter-
mined at locations in the watersheds where USGS gauging stations do not
exist.

Upland watersheds

ARS has been given the primary responsibility for this technical area.
WES was not active in this area during FY 92. The two items related to the
upland watersheds to be monitored by ARS are system sediment loading (sedi-
ment yield) and sediment production from gully formation. Stabilization mea-
sures being installed to reduce upland erosion will be monitored by ARS over
the next 5 years to determine if a measurable change in the quantity of sedi-
ment being transported from watersheds occurs. Data already collected by
USGS and ARS over the past 5 years will be analyzed and interpreted by ARS
to serve as the base for future comparisons. Future plans include the numeri-
cal modeling of sediment runoff from watersheds by WES as part of the analy-
sis and interpretation process. Also, sediment production from two or three
active gullies will be analyzed by ARS by comparing surveys made prior to
the design of drop pipes and the survey made just prior to construction of the
drop pipes.

Reservoir sedimentation

The major sources of reservoir deposition are upland erosion, erosion of the
channel banks, and erosion of the channel bed. The reduction of the inflowing
sediment load is being addressed in the channel response, bank stability, and
upland watershed technical areas. Starting in FY 94, WES will use the results
of the analysis performed in these areas to determine the effects of the project
on reservoir sedimentation.

Streambank stability

Streambank stability depends on hydraulic parameters related to flow
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conditions and the characteristics of the materials in the banks. All channels
will be visually monitored on a periodic basis to determine reaches that are
experiencing severe bank stability problems. In addition to the overall visual
monitoring, five sites where aggradation is occurring and five sites where bank
caving is occurring were selected for detailed monitoring. At the selected
sites, surveys of closely spaced sections will be made semiannually to docu-
ment changes. After sufficient data have been collected, numerical models
such as the USGS BRI-STARS will be applied to determine if existing numeri-
cal techniques can be adapted to predict bank stability and/or bank failures
accurately.

Design tools

The procedures and techniques used in the design of the different features
of the DEC Project have the potential for national and international applica-
tions. Effective application of these design procedures and techniques may
require development of computer-based packages and the validation of numeri-
cal models such as HEC-1, HEC-6, and SAM. In conjunction with ongoing
research, WES is developing design tools specifically targeted for the planning
and design of stable flood control projects.

Technology transfer

Technology transfer is an important part of the DEC Project and will be
given high priority at WES during the life of the monitoring program. When
appropriate, WES personnel will present results at national and international
technical conferences and symposiums. When appropriate, WES personnel
will host workshops and training classes for both Corps and non-Corps person-
nel. WES will annually report on the DEC monitoring program using several
different formats. For FY 92, these include the following:

a. A video report on channel degradation processes.

b. An updated engineering database on the Intergraph system including
aerial photos, surveys (channel and structural), results of numerical
studies, etc.

c. A short executive summary report.

d. A detailed WES technical report on monitoring, data collection, data
analysis, and project evaluation.
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2 Engineering Database

Approach

The purpose of the engineering database/Geographic Information System
(GIS) is to serve as a repository for all design, analysis, and monitoring data
collected on the DEC Project. The engineering database/GIS concept was
chosen for the DEC Project because it allows for the storage, retrieval, analy-
sis, and graphical display of all data. When completed, it is anticipated that
the database will contain design data for all project features such as low- and
high-drop structures, bank stabilization structures, flood water retarding struc-
tures, channel improvements, levees, riser pipes, and box culverts. Every
effort will be made to include data from all participating agencies in the DEC
project.

The database will contain an index of all studies, analyses, and published
reports for the DEC Project. Important or significant reports from the index
list will be incorporated as documents into the database. The database will be
tied to the GIS system for graphical display of the data. The Informix rela-
tional database will be used to store the data, which will allow analysis of
project features when desired. In addition to the Informix relational database,
the Hydrologic Engineering Center's (HEC's) data storage system, HECDSS,
will be embedded in the engineering database/GIS. The HECDSS database
will contain stage, discharge, and cross-section data and will serve as a base
for running numerical models. It is anticipated that HEC-1, HEC-2, and, later
in the project, three-dimensional hydraulic models will run from data stored in
the database. The database will also contain soil type or soil group data, land
use, and SCS curve numbers on a 1-acre1 grid for all of the DEC watersheds.
This will make the database a valuable source for hydrologic data. The
1:24,000 digital quadrangle maps, digital elevation models (DEM's), will be
incorporated into the engineering database for all the DEC watersheds.
Initially, streams and roads from the 1:100,000 USGS digital line graphs will
be incorporated into the database. As the 1:24,000 Digital Line Graph (DLG)
data become available, they will be added to the database. Satellite photog-
raphy will be incorporated into the database and will be used as a visual

1 A table of factors for converting non-SI units of measurement to SI units is found on

page vii.
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reference for all project features. In addition to the satellite photographs,
photographs from the U.S. Army Engineer District, Vicksburg, will be incorpo-
rated into the database on an as-needed basis. These photographs will serve to
give more detailed data than the satellite photographs.

Computer Hardware and Software

The engineering database/GIS is being developed on the Intergraph 6040
workstation. The engineering database/GIS uses a number of MGE products.
MGE is the umbrella under which Intergraph's GIS and database management
software run. Software used in the system includes the Microstation software
package. Microstation capabilities include computer-aided drafting and design
(CADD), editing and placement of project features, editing and drawing on
project features, and design and development of new design files. Also under
MGE are IRAS-32 for imaging processing, IVEC for vectorization of scanned
data, and Grid Analysis. Grid Analysis is used to develop grids for soil type,
land use, slope, and elevation. Imager is used for image processing. Imager is
also used with Grid Analysis for the hydrologic studies. MGE Terrain
Modeler and a number of MGE translator programs translate DLG and DEM
data into the Intergraph format. It is anticipated two additional Intergraph
pieces of software will become important in the database. The DBX software
will be used for document storage and retrieval, and the Inroads program will
be used to store terrain model data and survey data, develop HEC decks for
two- and three-dimensional models, and monitor surveys and changes in cross
sections and survey areas. The HEC database will be used for storage of stage
discharge and cross-section data.

Status

As of 1 June 1992, the engineering database consisted of the locations and
design parameters for all construction existing in FY 92 by the U.S. Army
Corps of Engineers for riser pipe, low-drop, and high-drop structures; bank
stabilization; and box-culvert grade control structures. Locations of proposed
and constructed levees, floodwater retarding structures, and channel improve-
ment and box control structures are also in the database. These structures are
listed in Tables 1-9.1 The database contains DEM's by quadrangle maps for
the 15 DEC watersheds. Most of the area is covered by 1:24,000 DEM's. In
a few locations, the 1:250,000 DEM data are used because the 1:24,000 DEM
data do not exist at this time. Aerial photos taken by the Vicksburg District
are registered to state plane coordinates and are in the database for the

1 Copies of maps of these watersheds are available from the U.S. Army Engineer Waterways

Experiment Station, ATIN: CEWES-HR-M, 3909 Halls Ferry Road, Vicksburg, MS 39180-
6199. The maps are also available in the DEC database, which is accessible by both WES and
the Vicksburg District.
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Coldwater River basin. Spot-View satellite photography is in the database for
the Black, Hickahala-Senatobia, Cane-Mussacuna, and Hurricane-Wolf basins.
Land use data are provided by the Vicksburg District for the Coldwater basin,
and ARS land use data for Hickahala-Senatobia, Long, Hurricane-Wolf, and
Cane-Mussacuna basins are incorporated into the database on a 1-acre grid.
The database contains all major tributaries and highways for the 15 DEC
watersheds. The 1:100,000 digital DLG files are the source of the stream and
highway data. Soil grid data for the Coldwater watershed are in the database.
Soil group data for the Black, Hickahala-Senatobia, Long, Hurricane-Wolf, and
Cane-Mussacuna watersheds are presently being collected for inclusion into the
database.

9
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3 Channel Response, Semi-
annual Survey of 20 Long-
Term Sites

In December of 1991, field monitoring of 20 DEC stability sites was begun.
The locations of the watersheds containing the 20 study sites are shown in
Figure 2. This report gives a summary of the first 6 months of the monitoring
effort.

Objectives

The objectives of the field monitoring program and related analyses are to
continue to monitor, document, and interpret the response of DEC channels to
changes in the hydrologic and hydraulic regime, to monitor structure condi-
tions, and to analyze the changes in bank stability. The primary objective of
the work is to assist in developing improved design guidance for the DEC
Project. The database will include survey and other data for 20 sites. Several
areas of interest are being addressed in the program:

a. Development of the basic understanding of the physical principles
involved in assessing channel bank stability as the stream channel
aggrades.

b. Defining the effective discharge and channel-forming or dominant dis-
charge in channel stabilization.

c. Determining the effect of grade control on channel planform.

d. Determining the temporal and spacial effectiveness of grade control.

e. Determining the effect of channel rehabilitation on flood wave
attenuation.

10 Chapter 3 Channel Response, Semiannual Survey of 20 Long-Term Sihn
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The sites include drop structures, bank stabilization, reaches affected by reser-
voirs, channelization, sediment traps, and sites that vary in the degree of active
erosion.

The development of berms is being monitored by sampling of the material,
measurement of the size and shape, quantification of vegetation development,
examination of cr iss-section soil development, and photographs. Vane shear
strength is meas -red to determine characteristics for each stratigraphic unit and
for berms. Soil and sediment samples are being collected for sieve analysis.
Bank stability is being analyzed using the methods recommended by Thome,
Biedenharn, and Combs (1988). A sketch of types of bank failure encountered
will be made, the site will be photographed, and the type of failure will be
noted.

Data are being analyzed and tabulated for use by other investigators at
WES. In addition, students working toward advanced engineering degrees at
Colorado State University, Fort Collins, CO, will be funded under contract to
do research on a topic related to DEC channel response.

Monitoring Sites

The selected sites inclu.4e approximately 15 existing low-drop structures, 3
existing high-drop structures, 20 anticipated low-drop sites, 2 anticipated high-
drop sites, chevron dikes, bank stabilization, and 6 control reaches in approxi-
mately 30 miles of study reach at 20 different locations. These sites have been
selected to represent many of the different DEC watersheds, types of channel
planform and sediment gradation, particular causes of instability, types of
channel rehabilitation, and locations of special interest. Each site will be
briefly discussed in the following sections.

Harland Creek

Site 1 is located on Harland Creek in the Black Creek watershed. The site
is near Eulogy, MS, and can be found on the Lexington quadranJe map in
T14N, RIE, Sections 22 and 27. Harland Creek is a mixed sand and gravel
bed stream, exhibiting some of the original meandering tendency shown on the
map (Figure 3). The study reach is approximately 4,000 ft in length, 2,000 ft
upstream and downstream of the county road bridge. The stream is unstable,
with bank erosion and significant channel widening. Several arc is of massive
bank failures were identified, and these failure sites, along with bed and bank
erosion, provide a high sediment yield to the downstream.

The site was chosen because it has a mixed bed load, stabilization measures
have not been constructed in the reach for the initial survey, and a major
reservoir is planned immediately upstream of the site. Presently, there is no
stream gauging in the reach; however, this site will be gauged in the future.

12 Chapter 3 Channel Response, Semiannual Survey of 20 ' ong-Term Sites
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Figure 3. Harland Creek (Site 1)

The watershed area at the site is approximately 27 square miles. HEC-1
hydrology and HEC-2 hydraulics were developed by Northwest Hydraulic
Consultants, Inc. (NWHC) (1988). Portions of the study reach were surveyed
during 1991 for planning of construction of bank stabilization. The 1992 field
data will allow a comparison of the existing conditions with the previous
contractor analyses, and provide a baseline of detail field information for
comparison after the planned reservoir is constructed.

Fannegusha Creek

Site 2 is located on Fannegusha Creek, also in the Black Creek watershed,
and can be found on the Coila quadrangle map in T16N, R3E, Sections 1 and
2. As shown in Figure 4, the study reach is approximately 4,000 ft in length,
2,000 ft upstream and downstream of a county road bridge. Two low-drop
structures are planned for the site, immediately downstream of the bridge and
approximately 2,000 ft downstream of the bridge. The stream is presently
unstable, and it has been reported that the co;,.nty bridge has been closed since
January 1992 due to channel widening. Initial observations indicate that the
channel will continue to widen without stabilization measures due to a down-
stream oversteepened reach.

Chapter 3 Channel Response, Semiannual Survey of 20 Long.Term Sites 13
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Figure 4. Fannegusha Creek (Site 2)

Watershed area at the site is approximately 18 square miles. HEC-1
hydrology and HEC-2 hydraulics were developed by NWHC (1988). This
reach was chosen as representing a very unstable sand bed channel. The 1992
field data collection will begin to establish baseline data from which evaluation
of the effects of the two proposed low-drop structures can be made.

Ablaca Creek

Four sites have been selected in the Abiaca Creek watershed, and these
sites can be found on the Seven Pines quadrangle map. Water Engineering
and Technology, Inc. (WET) (1989a), prepared HEC-1 hydrology and HEC-2
hydraulics based on surveys provided by the Vicksburg District. WES recently
completed a HEC-6 analysis of Abiaca Creek (Freeman et al. 1992). The
drainage area of the watershed is about 100 square miles, and SCS reservoirs
control approximately 60 percent of the watershed. Coila Creek is the princi-
pal tributary to Abiaca Creek, and this watershed is approximately 76 percent
controlled. Upstream of the Coila Creek confluence, Abiaca Creek is about
49 percent controlled. Along with the importance of this watershed supplying
water to a downstream wildlife area, this watershed has been severely affected
by sand and gravel mining.

Site 3, shown in Figure 5, is located in T17N, R3E, Section 20, r thc

14 Chapter 3 Channel Response, Semiannual Survey of 20 Long-Term Silas
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Figure 5. Abiaca Creek at Highway 17 (Site 3) ,

Highway 17 crossing of Abiaca Creek. The approximate watershed area at this
site is 26.5 square miles. This site was selected because of the relative
stability of the channel at this location, particularly in comparison to the
downstream sites that have been severely impacted by gravel mining. The
streambed at Site 3 is primarily a sand bed with minor amounts of gravel, and
the banks are generally well-vegetated with mature vegetation down to the
low-water surface; however, erosion of the outside bank of the bendway was
noted.

Site 4 is on Abiaca Creek and extends approximately 4,000 ft upstream
from the confluence with Coila Creek as shown in Figure 6. This site is
located in T17N, R2E, Section 4, and has a watershed area of approximately
44 square miles. This site is also located approximately 1.8 miles downstream
of a major sand and gravel processing operation that can be associated with
increased supply of suspended and bed material load. Streambanks in this
reach are relatively stable, and the bed gives the appearance of an aggraded
reach.

Site 5 is located on Coila Creek, a tributary to Abiaca Creek. The site
extends upstream approximately 4,000 ft from the confluence with Abiaca
Creek as shown in Figure 7 in T17N, R2E, Section 4. The site has a water-
shed area of approximately 42 square miles, very similar to Site 4, which
allows the comparison of two almost equal size drainage basins. A high
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Figure 6. Ablaca Creek above Calls Creek confluence (Site 4)
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Figure 7. Colla Creek (Site 5)
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proportion of the Coila Creek basin is controlled by SCS reservoirs, and the
gravel mines on Coila Creek are not as active as the Abiaca Creek sites.

Site 6 is located on Abiaca Creek as the stream emerges from the hill line
into the flatter Yazoo Delta in T17N, RME, Sections 13 and 14, as shown in
Figure 8. Drainage area at this location is approximately 99 square miles.
This is the site of the Pine Bluff gauging station with records from 1963 to
1980. This station has recently been reactivated and includes a pumped sedi-
ment sampler. The study reach extends approximately 4,000 ft downstream of
the Pine Bluff gauging station.

Pine Bluff
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Figure 8. Abiaca Creek (Site 6)

Channelization of the lower basin during the early 1920's set in motion a
complex cycle of channel incision, and continuing mining of the watershed
complicates rehabilitation of the watershed. The Vicksburg District is
presently designing sediment trapping immediately upstream of the wildlife
area. The complexity and importance of the watershed emphasize the purpose
of these four study sites. The Vicksburg District has suggested an additional
study site at the downstream extent of the sediment trapping facility for future
years.
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Coldwater River Basin

The hydrology (HEC-1) of the Coldwater River basin was developed by
Lenzotti and Fullerton Consulting Engineers, Inc. (1990). Surveys of the chan-
nels were completed in 1991 by the Vicksburg District, and HEC-2 hydraulics
has subsequently been developed.

Site 7 is located on Nolehoe Creek in the Coldwater River basin near the
community of Olive Branch, MS. The site is located on the Hernando quad-
rangle map, T1S, R7W, Section 35, and has a drainage area of approximately
3.7 square miles. The study reach is approximately 4,000 ft in length, extend-
ing downstream from a box culvert, as shown in Figure 9. The channel is
extremely unstable and is deeply incised. Bed material load ranges from sand
to in excess of 30 mm. Two low-drop structures are planned for the reach,
and stream stage recording stations have been recently installed by WES.
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Figure 9. Nolehoe Creek (Site 7)

This site was selected for two reasons: the incising reach is controlled
upstream and downstream by stable box culverts and the reach is representa-
tive of suburban development in the metropolitan Memphis area. An interview
with a local landowner confirmed that a major cutoff of the channel had been
made in the last 10 years. These conditions are typical of the result of ill-
planned local development improvements, and the documentation of the result-
ing problems may be of value in assisting future local drainage planning.
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Site 8 is on Lick Creek in the Coldwater River basin, approximately
2 miles south of Olive Branch, MS, at the site of an anticipated high-drop
structure that is planned to protect the Highway 305 bridge. As shown in
Figure 10, the study reach is approximately 4,000 ft in length, 2,000 ft
upstream and downstream of the bridge, in T2S, R6W, Section 3. This site is
also on the Hernando quadrangle map. Watershed area is approximately
8.5 square miles. Stream gauging is planned for the future at this site; how-
ever, no stream gauging is presently available.
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Figure 10. Lick Creek (Site 8)

This site was selected to monitor the effects of a planned high-drop
structure. Lick Creek is actively degrading downstream of the bridge, and
incision has begun upstream of the bridge.

Site 9 is located on Red Banks Creek in the Coldwater River basin. As
shown in Figure 11, the study reach extends approximately 2.5 miles upstream
from the bridge on the county road between the communities of Warsaw and
Watson, MS. This site can be located on the Byhalia quadrangle map, 13S,
R5W, Section 24, and R4W, Sections 19 and 20, and has a watershed area of
approximately 28 square miles. The bed sediment load is sand, and the stream
flows in a deeply incised and widened, straight channel resulting from earlier
channelization.

Chapter 3 Channel Response, Semiannual Survey of 20 Long-Term Sites 19



Figure 11. Red Banks Creek (Site 9)

Site 9 is unique in that it is the only DEC site using chevron dikes and

longitudinal dikes for channel stabilization. Early indications based on the
January 1992 field effort indicate that this combination is effective in storing
sediment and causing channel aggradation; however, the chevron dikes appear
to be in need of repair.

Site 10 is on Lee Creek in the Coldwater River basin, approximately
6 miles north of Victoria, MS. The site can be located on the Byhalia
quadrangle map in T2S, R4W, Sections 9 and 10. As shown in Figure 12, the
study reach extends approximately 2,000 ft upstream and downstream of the
highway bridge. The channel is relatively stable and is transporting minor
amounts of gravel in a sand bed. Upstream of the bridge, the channel exhibits
some meandering and apparently has not been channelized in this reach.
Downstream of the bridge, the channel is stable with mature, 14-in.-diameter
trees near the low-water surface. The remnants of spoil piles indicate that the

lower channel has been channelized. This reach provides an excellent opportu-
nity to document a stable, channelized, sand bed stream.

Hickahala Creek

Hickahala Creek is a major tributary to the Coldwater River with a drainage
area of approximately 230 square miles at the confluence with the Coldwater.
Simons, Li and Associates (SLA) (1987) conducted field reconnaissance,
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Figure 12. Lee Creek (Site 10)

developed HEC-1 hydrology and HEC-2 hydraulics, and conducted sediment
transport analyses for the Vicksburg District in 1987. The hydraulic computa-
tions were prepared based on channel geometry from 1968 and 1985 surveys.
Additional surveys have been made in selected areas to assess the- effects of
stabilization measures on James Wolf Creek, and construction-related surveys
have been conducted on James Wolf and upper Hickahala Creeks. USGS
stream gauge records are available near the mouth of the watershed.

Site 11 is located in the upper watershed of Hickahala Creek, with a water-
shed area of approximately 9 square miles. The site is located on the Tyro
quadrangle map in T5S, R5W, Sections 2 and 3. As shown in Figure 13 the
site begins at a county road bridge and extends downstream to the confluence
with the South Fork, and continues downstream on Hickahala Creek for ap-
proximately 1.25 miles. The total study reach is approximately 2 miles in
length and includes an existing and two proposed low-drop structures. The
lower portion of the study reach is actively incising into a clay, cohesive bed.
The upstream portion of the study reach is relatively stable with a sand bed.
The reach was selected to monitor the response of the complex of structures.

Burney Branch

Site 12 is located on Burney Branch near Oxford, MS. The study reach
begins at the Highway 7 crossing of Burney Branch and extends downstream
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Figure 13. Hickahala Creek (Site 11)

for a distance of approximately 1 mile through a reach containing two SCS
high-drop structures as shown in Figure 14. Drainage area of Burney Branch
at this location is approximately 10 square miles. The site can be located on
the Oxford quadrangle map, T9S, R3W, Sections 4 and 9.

The two high-drop structures have been very successful in rehabilitating
this reach of Burney Branch. Both structures were constructed in 1982 by the
SCS, and the effects of the structures on the channel were surveyed and
analyzed in 1984 by Watson and Harvey (1988). These structures were
designed to contain the 100-year discharge and include the provision for
floodplain storage using valley dams in conjunction with each structure. The
original design of the structures provided for a bed slope of 0.0008 between
structures, based on Lane's (1955) tractive stress analysis. The 1984 surveyed
bed slope was 0.0012, indicating that the upstream sediment yield was greater
than planned. Since 1984, several major channel stabilization projects have
been constructed upstream. The survey made in January 1992 will document
the effects of changes since 1984 and will provide data with which to evaluate
channel change as sediment supply is reduced. Channel stabilization under
conditions of reducing sediment supply is a situation that will be faced as the
success of the DEC programs is realized. Potentially, upstream stabilization
can cause stability problems downstream.
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Figure 14. Burney Branch (Site 12)

Hotophia Creek

Site 13 is located on Hotophia Creek, west of Oxford, MS. As shown in
Figure 15, the site encompasses approximately 2 miles of Hotophia and
Marcum Creeks and is located on the Sardis quadrangle map T9S, R6W, Sec-
tions I and 2, and in T9S, R5W, Section 6. The watershed area at the site on
Hotophia Creek is approximately 17 square miles. A USGS gauging station is
located at the Highway 6 bridge crossing the creek. The study reach includes
the confluences of Marcum Creek and Deer Creek with Hotophia Creek. A
low- drop structure on Hotophia Creek is at the downstream extent, two low-
drop structures are on Deer Creek, a high-drop structure is located on Hotophia
Creek immediately downstream of the Marcum Creek confluence, and a low
drop is located on Marcum Creek. The high drop on Hotophia Creek is the
first high-drop structure constructed by the Corps in the DEC Program.

Hotophia Creek was channelized in 1961, and was surveyed by the
Vicksburg District in 1985. WET (1987a) conducted field reconnaissance in
1986 and prepared HEC-1 hydrology and HEC-2 hydraulics. Surveys related
to the construction have been made by the Vicksburg District, and the study
reach was surveyed in January 1992. This site is important because of the
complexity of the various constructed elements, and the need to document
channel response to the high-drop grade control. In addition, data from Burney
Branch and Hotophia Creek provide the opportunity for a comparison of data
from adjacent watersheds.
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Figure 15. Hotophia Creek (Site 13)

Otoucalofa Creek

Site 14 is on Otoucalofa Creek, east of Water Valley, MS. The study reach
is 4,000 ft in length, 2,000 ft upstream and downstream of the Mt. Liberty
Church Road bridge, in T11S, R3W, Sections 4 and 5, of the Water Valley
quadrangle map as shown in Figure 16. Watershed area at the site is approxi-
mately 41 square miles. No stream gauging is presently available; however,
this site w-!' be gauged at the bridge in the future.

A low-drop structure is proposed for the future, and presently riprap dikes
and longitudinal dikes are constructed throughout the reach. In January 1992
the reach was observed to be actively incising at an elevation below the
recently placed stone. This site provides a unique opportunity to observe the
stone subjected to severe degradation.

Site 15 is on Sarter Creek, which is a tributary of Otoucalofa Creek up-
stream of Site 14. Sarter Creek is located on the Paris quadrangle map in
T10S, R3W, Sections 34 and 35, and has a watershed area of approximately
6.4 square miles. The study reach is 4,000 ft in length and is almost com-
pletely straight as a result of previous channelization, as shown in Figure 17.
This site extends downstream of the Highway 315 bridge. The site is unusual
in that it has remained relatively unchanged since channelization; however, it
is apparent that the incision at Site 14 is moving upstream and, if unchecked,
will move up Sarter Creek.
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Figure 17. Stuailer Creek (Site 15)
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Batupan Bogue

Batupan Bogue watershed contains three study sites, Perry Creek, Sykes
Creek, and Worsham Creek. A USGS stream gauge is located at the mouth of
Batupan Bogue, which has a drainage area of approximately 245 square miles.
In 1987 and 1988 WET (1987b) prepared HEC-1 hydrology to match then-
existing Federal Emergency Management Agency hydrology, and HEC-2 hy-
draulics based on 1987 surveyed cross sections. Numerous stabilization struc-
tures have been constructed since 1988, and surveys have been conducted in
association with planning for those structures.

Site 16 is located on Perry Creek as shown in Figure 18. The study reach
begins approximately at the T21N, R4E, Section 1 northern line and continues
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Figure 18. Perry Creek (Site 16)

upstream through Sections 2 and 11. The study reach is located on the
McCarley quadrangle map. The entire study reach length is approximately
2 miles. Four low-drop structures are planned for the severely incising chan-
nel. This site will allow the investigation of the effects of four structures in
series, and the site is unique because within the study reach the channel moves
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from a deeply incised stream to a stream that might have existed prior to chan-
nelization. Plans are to gauge the stream at the 1-55 box culvert downstream
of the study reach.

Site 17 is located on Sykes Crtek as shown in Figure 19. The study reach
extends 2,000 ft upstream and downstream of the county road bridge across
Sykes Creek located in T21N, R5E, Section 27. This site is found on the
McCarley quadrangle map. No gauging is presently available for the approxi-
mate 12.3-square-mile watershed area. Gauging is planned for installation at
the bridge.
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Figure 19. Sykes Creek (Site 17)

Site 18 is a study reach encompassing portions of Worsham Creek, West
Fork, and Middle Fork as shown in Figure 20. The site is located on the Duck
Hill quadrangle map in T20N, R6E, Sections 14, 15, 16, 21, 22, and 23. Total
stream length is approximately 3.5 miles, and the watershed area at the conflu-
ence is approximately 19 square miles. The streams are deeply incised and
active. Ten low-drop structures are planned in this study reach.

Site 19 is located in the Hickahala Creek watershed on James Wolf Creek.
At this location, James Wolf has a drainage area of approximately 11 square
miles; however, it is extremely deep and wide. The site is located on the Tyro
quadrangle map in TSS, R5W, Section 28. The study reach, shown in
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Figure 20. Worsham Creek (Site 18)

Figure 21, extends downstream of the east-west county road for a distance of
approximately 4,000 ft, encompassing a low-drop structure. This low-drop
structure appears to be stabilizing the bed of the stream; however, the banks
remain unstable due to the significant depth. The stream is sand bed, and at
low-flow conditions, the channel may be dry. The drop structure on James
Wolf Creek has required significant repair since construction. The structure is
functioning, and channel aggradation is present upstream. The structure has
been selected for monitoring, both because of the success and because of the
amount of repair that has been required at the site.

Long Creek

Site 20 is located on Long Creek, TIOS, R6W, Sections 4, 5, and 8 on the
Oakland quadrangle map, as shown in Figure 22. The site has a watershed
area of approximately 11 square miles. Three low-drop structures exist and
the fourth is planned for the downstream portion of the reach. The study reach
is approximately 2 miles in length, extending downstream from the eastern
boundary of Section 4. The site also includes a reach that has been monitored
by the Vicksburg District and includes the bank stability sites reported by
Biedenharn, Little, and Thorne (1990).

Portions of this reach are very unstable and are presently incising. The
reach downstream of the existing structures has a clay bed that is slowly
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Figure 21. James Wolf Creek (Site 19)
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Figure 22. Long Creek (Site 20)
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incising. This clay bed has a very narrow, deeply incised channel along some
reaches. Based on experience, this narrow channel will widen dramatically as
the incision penetrates through the clay layer. Several cross sections were
surveyed in the narrow channel, and future comparisons will be importanL

Summary

The Colorado State University Monitoring and Analysis of Incised (MAIN)
Streams Project is at the halfway point Rs of 1 June 1992. Field data
collection will be complete for 1992 by 15 June 1992. Work completed by
1 June includes reduction of survey data for the 20 sites, and analysis of
approximately 300 sediment samples.
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4 Channel Response, Broad-
Based Geomorphic Studies

Purpose and Scope

The purpose of the broad-based geomorphic study is to identify from aerial
reconnaissance the channels in the various watersheds that appear to be the
most active with regard to bed/bank stability and identify existing structures
(grade control and riprap structures) that need repair or rehabilitation. The
channels were flown in spring 1992, and aerial videos were made on the main
channel and major tributaries in each watershed from a fixed-wing aircraft
flying at an altitude of 2,400 ft above the ground surface. The study plan was
to use the videos to identify areas of interest (problem and success) and then
make a second flight at the same altitude but with the camera lens set to
maximum magnification to get better resolution on the pictures. The first
flights were completed and the videos reviewed; however, the second flights
were not completed in time for inclusion in this report. The general descrip-
tion of channel conditions as observed from the videos are the subject of this
part of the report.

Description of Work

The ARS Sedimentation Laboratory in a cooperative agreement with WES
assumed the responsibility for obtaining aerial videos of the watersheds. The
ARS used Super VHS (SVHS) video eq% ipment that records frames in digital
format that can be readily read into the computer database. The camera was
mounted vertically to a fixed-winged Cessna 181 aircraft to provide a view of
the ground similar to traditional aerial photography. The flight lines were
flown at an altitude of approximately 2,400 ft above the ground surface, and
the zoom lens on the camera was set at minimum magnification. The horizon-
tal distance on each frame is approximately 2,000 ft and the vertical distance
approximately 1,400 ft. This altitude was selected because at lower altitudes,
the more sinuous channels were impossible to track with the vertically
mounted camera, since the aircraft must be maintained in a level position.
Even at this altitude, taping would be possible only for short reaches; and the
flight line would have to be broken, the aircraft would circle, and taping
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resumed on a new line. A small television monitor was mounted on the cock-
pit to help the pilot anticipate turns, which greatly aided in reducing the flight
line breaks on some channels. Approximately 40 hours of flying time was
required to complete the job.

Status

Eighty-two creeks were videotaped by ARS personnel during March and
April 1992, and the results are on five tapes. ARS prepared a log for each
tape describing significant landmarks such as tributaries, highways, railroad
crossings, etc., referenced to the elapsed time from start of tape. The time is
shown on the tape for easy reference. Table 10 lists creeks that were taped
arranged from major watershed to subwatersheds.

Observations

The ARS log sheets for each tape were adapted into tabular format to note
observations in viewing the tapes. These observations are summarized in
Tables 11-15. The major features of streambed, streambank, riparian vegeta-
tion, floodplain use, condition of structures, and general comments were listed
and characterized to the extent possible from the tape viewing. The scale of
each video frame was too small to ascertain anything more than general char-
acteristics. Furthermore, an early spring in the region resulted in the trees
budding out before the flights were completed; consequently, the tapes flown
later have reduced visibility of the channel banks because of the vegetation.
Also, the early spring precluded any second flights to get a closer look at
specific areas because of the reduced visibility.
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5 Channel Response,
Detailed Geomorphic
Study

Detailed geomorphic studies were conducted on the three watersheds that
were resurveyed in 1991. These watersheds were Batupan Bogue, Hickahala-
Senatobia Creek, and Long Creek. Both the 1985 and 1991 surveys consisted
of channel profiles (thalwegs) and cross sections made at half-mile intervals.
The surveys were used to determine channel changes from 1985 to 1991. The
1985 surveys had been used by the Vicksburg District in various analyses of
the channel systems. The 1991 surveys were used to determine channel
changes since 1985. Three basic analyses were conducted on the survey.
Channel profiles were compared to determine zones of aggradation or degrada-
tion. Channel cross section plots were examined to determine width and depth
changes. The complete sets of channel profile and cross-section plots of the
Hickahala-Senatobia, Long, and Batupan Bogue watersheds are contained in
Appendixes A, B, and C of this report, respectively. The channel cross sec-
tions were input into HEC-2, and channel hydraulic parameters were calcu-
lated. A general description of the analyses follows.

Channel Profiles

The channel profiles from 1985 and 1991 were digitized. Channel station-
ing began at the mouth of each channel and increased in the upstream direction
along the channel thalweg. No survey baseline was used on either survey, and
channel stationing was dependent on the measured distance along the thalweg.
Since the thalweg tends to shift over time, the measured distances were often
inconsistent between the two surveys. Locations of bridges, culverts, grade
control structures, tributary intersections, and other channel features noted on
the surveys were used to fit the stationing from the 1991 survey to that from
the 1985 survey. Both channel profiles were then plotted on 1985 stationing.
These plots are included in Appendixes A, B, and C of this report. Areas of
significant channel aggradation or degradation can be located using these plots.
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Channel Cross Sections

Channel cross sections from 1991 were plotted with the same cross section
from 1985. Where possible, the 1991 cross sections had been surveyed at the
same location as the 1985 cross sections. Direct comparisons of width, depth,
and area were possible. The 1985 cross-section and overbank information was
contained in digital form in the HEC-2 data files. The 1991 cross sections
were digitized for input into HEC-2. The data were then manipulated into a
paired data form that was input into DSS files. A DSS file was made for each
watershed. Additional cross sections were surveyed in 1991 although several
channels in the Batupan Bogue basin were surveyed at different locations from
those of 1985. Cross sections from 1991 were then matched with the cor-
responding sections from 1985 and plotted. The cross-section station was
determined from the channel profile, and therefore the station number may
have changed even though the location did not.

Hydraulic Parameters

Reach by reach, averages of the channel parameters of velocity, width,
depth, slope, and discharge were determined. HEC-2 output was used to deter-
mine width, slope, velocity, and mean depth. This HEC-2 approach is signifi-
cantly different from using a true geomorphic approach where the depth,
width, and area are measured directly from the cross sections. Using the HEC-
2 approach, it would be possible to have the same width and mean depth for
two different points in time, but the elevation of the water surface would be
significantly different after the channel adjusted vertically. Initially the
approach used the 2-year discharge as defined by Vicksburg District studies.
This discharge was used as input to the HEC-2 backwater profile for both the
1985 and 1991 cross-section data. If the 2-year event proved to exceed the
bank-full discharge significantly, the discharge was decreased by a percentage
until the flow stayed in the channel. Previous District studies had defined
channel reaches by various methods. These reaches were used in this study
where available, but additional reaches were defined as needed. The output
from HEC-2 and the reach definitions were input into the SAM.M95 program,
which calculated average width, mean depth, velocity, slope, and discharge for
the sections in each reach. The actual averages for the reaches as well as the
changes from 1985 to 1991 are shown for each watershed in Tables 16-24.

Watersheds

Hickahala-Senatobla Creek Watershed

The Hickahala-Senatobia Creek watershed channel profiles and cross
sections were examined for significant changes.
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Hickahala Creek. The 1991 Hickahala Creek channel survey started at
1985 sta 450+00, which is near the Arkabutla Reservoir boundary. A small
amount of aggradation occurred upstream of this point to near the confluence
with Basket Creek. Between sta 800+00 and 1,258+00 a general trend toward
degradation occurred. Upstream of grade control structure (GCS) 3
(sta 1,258+48), aggradation may have occurred. The cross sections do not
conflict with these findings. Based on the cross-section data, it would appear
that very little aggradation or degradation has occurred. Also very few signifi-
cant width changes have occurred.

Thornton Creek The 1991 survey shows almost insignificant changes in
the profile. Up to 2 ft of aggradation occurred in the lower 1,500 ft of the
channel. The cross sections show only insignificant changes.

Steammill Creek. The thalweg profile on Steammill Creek shows about
3 ft of aggradation upstream of the GCS at sta 23+28.

Basket Creek The 1991 survey shows possible aggradation in the lower
5,000 ft of the channel. Between sta 90+00 and 180+00 degradation occurred
but averaged less than 1 ft with the maximum degradation about 2 ft. The
cross sections showed no major changes.

James Wolf Creek The lower 20,000 ft of James Wolf Creek experienced
almost no changes since 1985. Up to 4 ft of degradation occurred between
sta 200+00 and sta 370+00, however, where a revetted pipeline is located.
The channel degraded in the 3,000 ft below GCS 1 but aggraded upstream of
the structure.

Martin Dale Creek The lower end (7,000 ft) of Martin Dale Creek has
degraded. However, upstream of this point (sta 70+00 to 130+00), aggradation
appears to have occurred in what was a steep reach in 1985. This survey was
corrected for stationing but may still need more adjustment. The cross-section
data generally confirm the trends, but no cross-sections are available in the
aggrading reach.

Whites Creek The lower 10,000 ft of channel appears to be relatively
unchanged. A drop near sta 105+00 is still in the same location but appears to
be lower. Between 2 and 3 ft of degradation occurred upstream of sta 150+00.
Near sta 160+00 the channel is very steep.

Beards Creek. The lower 10,000 ft of Beards Creek appears to be verti-
cally stable. However, between that point and sta 175+00 the channel seems
to have flattened and degraded up to a maximum of 4 ft. The cross sections
verify this trend.

Catheys Creek. The profiles from 1985 and 1991 are very similar. The
1991 profile is slightly lower all along the channel.
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South Fork Hickahala Creek. Relative to 1985, the 1991 profile shows
degradation in the lower 3,500 ft of channel. Upstream of this point aggrada-
tion appears to have occurred. The cross sections seem to verify the
aggradation.

Senatobia Creek. Downstream of Highway 4 (sta 75+40) aggradation
occurred. Upstream of that point changes were noted only from sta 470+00 to
530+00 and from 625+00 to 670+00 where about 2 ft of degradation was
noted.

Mattic Creek. Very little change occurred on Mattic Creek. Slight degra-
dation occurred between sta 115+00 and 180+00.

Tolbert Jones Creek Slight degradation occurred upstream of sta 90+00.
A drop shows on the profile near sta 131+00.

Nelson Creek. No change occurred except for the slight degradation from
sta 260+00 to 340+00.

Hydraulic parameters for the Hickahala-Senatobia Creek watershed were
developed. The 1991 Hickahala Creek cross sections were used in HEC-2 data
files. HEC-2 data files with the 1985 cross sections were provided by the
Vicksburg District. SLA (1987) developed the hydrology for the Hickahala
Creek watershed using HEC-1. SLA also set up HEC-2 files to calculate
hydraulic parameters for the channel. The 1991 HEC-2 data files were set up
with the same 2-year discharges and Manning's n values as the 1985 HEC-2
files. Two channels, Billys Creek and West Ditch Creek, were not resurveyed
in 1991. Hickahala Creek was not resurveyed downstream of about
sta 450+00. No 1985 HEC-2 files existed for Nelson Creek and Steammill
Creek. The 1985 HEC-2 data files were modified by removing bridge sections
since bridge section data were not available for the 1991 survey. The primary
focus of the study was to determine channel parameters. Since the 2-year
discharge was out of bank on both Hickahala Creek and Senatobia Creek,
discharges were reduced to a percentage of the 2-year flow to keep the flows
in the channel. The channel discharge was increased by reaches until the 2-
year discharge was reached. The 2-year discharge was contained by the chan-
nel banks on the other channels in the watershed. SLA (1987) defined reaches
for Hickahala Creek, Senatobia Creek, and James Wolf Creek. These reaches
were numbered from upstream to downstream. The same reach lengths were
used in this study except they were numbered from downstream to upstream.
Reaches were also defined for the other channels in the watershed based on
channel slope and changes in discharge. These reaches are shown in Fig-
ure 23. Table 16 contains the reach parameters discharge, velocity, depth,
width, and slope for the watershed. Table 17 shows the changes in reach
values from 1985 to 1991. Table 18 shows the range of percentage increases
or decreases for parameters in the reaches. Figures 24-26 are plots of the
hydraulic geometry relationships (width, depth, and slope) from Engineer Cir-
cular (EC) 1110-8-1(FR) (Headquarters, U.S. Army Corps of Engineers
(HOUSACE), 1990) with data from the Hickahala Creek watershed. With a
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few exceptions th. channel is narrower tLin expected for a channel with stiff
cohesive banks. SLA (1987) reports that most bed material is fine to medium
sand. The channel depths generally plot in the range of medium sand or
coarser. The vertical stability of a channel did not seem to have a major
impact on where the data plotted. However, all of the degradational reaches
are narrower than expected for a channel with resistant banks. The channel
slopes are all steeper than expected for a sand bed channel. It should be noted
that some of the channel reaches on Hickahala and Senatobia Cre .ks are not
the 2-year event but are the bank-full discharge.

Long Creek Watershed

The profiles and cross sections in the watershed were examined for changes
between the two surveys.

Peters Creek. The channel bed appeared to be stable over the lower end
of Peters Creek. However, in short reaches aggradation and degradation did
occur. Above sta 250+00 up to 3 ft of degradation occurred. The cross sec-
tions seem to verify these profile changes. Only small changes in width are
shown on the cross sections.

Long Creek. The channel bed degraded in all of the reaches of Long
Creek. Some degradation occurred downstream of sta 50+00 but may have
been restricted by outcrops near the first bridge. The reach from sta 50+00 to
120+00 that was extremely irregular on the 1985 survey showed much less
variation on the 1991 survey even though the channel had degraded several
feet. Between 3 and 4 ft of degradation occurred between sta 120+00 and
301+00 where the first grade control structure was located. The bed elevation
upstream of this structure is higher than the 1985 elevation, so aggradation has
occurred. The impact of the second and third grade control structures is
unknown since the bed elevation prior to structure construction is unknown.
Cross sections of this channel show the degradational trends. Channel widths
changed very little.

Johnson Creek. About 2 ft of degradation occurred downstream of the
confluence with Hurt Creek (sta 64+20). About 2 ft of degradation also
occurred between sta 100+00 and 150+00. The channel was relatively stable
between sta 150+00 and the first grade control structure (sta 301+00). This
structure and the next two structures (sta 332+45 and sta 347+80) appear to
have checked degradation and may have caused slight aggradation since 1985.
Cross-section plots support this information.

Caney Creek. The lower end of Caney Creek experienced between 3 and
4 ft of degradation. This degradation stopped downstream of the first grade
control structure at sta 52+13. Very little degradation occurred between this
structure and structure 2 at sta 85+81. The profiles show up to 4 ft of degra-
dation between structure 2 and structure 3 (sta 127+10). It is not known when
the degradation occurred relative to the construction of the structure. Very few
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vertical changes occurred upstream of structure 3. The cross sections basically
confirm the cross-section information.

Bobo Bayou. The channel profile shows very little change on Bobo
Bayou. Between sta 100+00 and 143+00 less than 2 ft of degradation
occurred. Very few changes are shown on the cross sections.

Hurt Creek Only insignificant changes are shown on the profiles of Hurt
Creek. A slight amount of aggradation may have occurred upstream of
sta 100+00. The 1991 survey stopped at sta 125+00.

Goodwin Creek. Profiles of Goodwin Creek are included even though
they were not resurveyed in 1991.

Hydraulic parameters of the channels in the watershed were calculated.
Discharges and channel reaches were defined by NWHC (1989). Two sets of
discharges were published by NWHC. FTN Consultants of Little Rock, AR,
had developed a HEC-1 computer model to determine watershed discharges
and HEC-2 models to determine water surface profiles for the 1985 cross
sections. SCS had developed a TR-20 hydrologic model. NWHC relied pri-
marily on the TR-20 discharges in their study. HEC-2 models were developed
for Bobo Bayou and Peters, Long, Caney, Johnson, and Hurt Creeks for the
1991 survey data using the tributary method. The 1985 HEC-2 models M ---
modified and bridge sections were removed. The 2-year TR-20 discharge ,ab
used in these studies. The channel roughness as defined by NWHC and used
in the 1985 HEC-2 model was used in the 1991 model. Figure 27 shows the
location of the reaches in the Long Creek watershed. Table 19 shows the
reach parameters of discharge, velocity, depth, width, and slope for the water-
shed. Table 20 shows the changes in reach values from 1985 to 1991. Table
21 shows the range of percentage increases or decreases of parameters in the
reaches. Figures 28-30 are plots of the hydraulic geometry relationships from
EC 1110-8-1(FR) (HOUSACE 1990) with data from the Long Creek water-
shed. The plots of hydraulic geometry relationships show little consistency in
the Long Creek watershed. Channel widths range from the expected width for
sandy alluvial banks to much narrower than expected for stiff cohesive banks.
Channels in the Long Creek watershed generally have medium to coarse sand
bed materials. Channel depths range from those expected for medium sand
beds to depths shallower than expected for gravel streams. Channel slopes
were all steeper than expected for sand bed streams. Degradation or aggrada-
tion did not seem to affect where channel widths or depths plotted.

Batupan Bogue Watershed

Profile and cross-section data exist throughout the watershed. The cross
sections from 1985 and 1991 were not taken at the same location on some of
the streams, however. This makes direct comparison of cross sections difficult.
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Batupan Bogue. No significant aggradational or degradational trends
occurred between 1985 and 1991. There appears to be some deepening or
movement of scour holes along the lower 25,000 ft of the channel. The sta-
tioning of these scour holes indicates that they may be located in revetted
bendways. These holes may become relatively permanent featuros and vary in
depth depending on the preceding hydrographs. The cross sections were not
surveyed at the same locations, and direct comparisons cannot be made.

Perry Creek. Grade control structures on Perry Creek have controlled
channel degradation. From the mouth to structure 1 at sta 45+00 the profile
was uniform and relatively stable from 1985 to 1991. From structure 1 to
structure 2 at sta 111+00 the channel profile was irregular in both 1985 and
1991. This may be a function of bank protection in bendways. However,
some aggradation occurred in the upper end of the reach. Above structure 2,
the profile was relatively unchanged between the surveys. The Interstate 55
culvert (sta 297+00) also served as a grade control and stopped 10 ft of degra-
dation. An active reach between sta 395+00 and 425+00 degraded 2 to 3 ft
between the surveys. Upstream of sta 425+00 the channel was relatively
stable. The cross sections on Perry Creek were not resurveyed at the same
locations.

Perry Creek Tributary. This channel was surveyed for the first time in
1991. A drop may occur near the bridge (culvert) at sta 25+60.

Jack Creek. The profile had few changes from 1985 to 1991. Two drops
were present between sta 120+00 and 150+00. The cross sections showed
very few changes between surveys.

Big Bogue. No major changes occurred on Big Bogue. Upstream of the
mouth of Wilkins Creek the profiles show up to 2 ft of aggradation between
1985 and 1991. The amount of aggradation decreased above the Highway 404
bridge, but aggradation still occurred. Generally the 1985 and 1991 cross sec-
tions were not surveyed at the same locations.

Eskridge Creek. The channel of Eskridge Creek aggraded up to 2 ft from
the mouth to sta 50+00. Slight degradation occurred between sta 150+00 and
the grade control structure at sta 213+12. The structure caused aggradation
upstream for 2,500 ft. A second grade control structure is located near
sta 260+00. The degradation shown in this reach may have occurred before
the structure was constructed. The cross sections generally confirm the profile
changes.

Sykes Creek. The profile shows only small vertical changes in Sykes
Creek. Between 1 and 2 ft of degradation may have occurred between
sta 100+00 and 200+00. The cross sections were not surveyed at the same
locations but indicate a lack of vertical bed movement.

Worsham Creek. The profile was based on 1991 stationing. The channel
on Worsham Creek shows very few changes from 1985 to 1991. Slight
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degradation occurred downstream of the structure at sta 246+30. The channel
elevation also dropped upstream of the structure slightly. The cross sections
indicate very little vertical or lateral instability.

West Fork Worsham Creek. Slight aggradation occurred between the
channel mouth and sta 20+00. Additional aggradation occurred upstream of
the grade control structure at sta 28+90. The profile shows a degrading reach
from about sta 65+00 to the structure at sta 82+50. The cross sections confirm
the profile information.

East Fork Worsham Creek. The channel downstream of the structure at
sta 15+80 is very steep. No significant changes occurred between 1985 and
1991. The cross sections show little change.

Middle Fork Worsham Creek. Very few changes occurred in the vicinity
of the lower structure at sta 11+30. The bed profile in the area of the structure
at sta 65+70 is very irregular. Between sta 45+00 and 65+00 up to 7 ft of
degradation occurred. The cross sections verify the profile information.

Jackson Creek The profile, which was stable downstream of sta 50+00,
shows aggradation from sta 40+00 to sta 160+00. From sta 115+00 to
sta 135+00 the aggradation occurred in a reach much steeper than other sec-
tions of the channel. Not enough information exists to detect any survey
irregularities. The cross section information confirms the profile.

Wilkins Creek. The channel was not surveyed in 1991. The 1985 profile
shows a very uniform slope.

Eskridge Creek Tributary. About 2,000 ft of channel was surveyed. The
lower end of the channel was very steep.

Little Bogue. Local scour occurred in the reach from sta 8+00 to
sta 25+00. This scour could have been in protected bendways. Between 1 and
2 ft of aggradation occurred between sta 140+00 and 300+00. Degradation
started at sta 500+00 and continued upstream to near sta 575+00 where a
natural control exists. The channel degraded and scoured upstream to the
grade control at sta 634+20. Scour also occurred upstream of the structure.
Although the cross sections were not surveyed at identical locations on the
surveys, the sections verify the profile.

Powell Creek (Pruill). No major profile changes occurred on the channel.
Slight aggradation occurred downstream of the bridge at sta 18+60. Some
local scour was present at sta 70+00. The cross sections verify these findings.

Mouse Creek. The headcut on Mouse Creek did not move from 1985 to
1991. Up to 3 ft of degradation occurred in the 3,500 ft of channel upstream
of the drop. Degradation also occurred in the upper part of the watershed
between sta 185+00 and 220+00. The surveyed cross sections show little
change.
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Caffe Branch. Between 2 and 6 ft of degradation occurred downstream of
sta 20+00 between the surveys. Slight degradation continued upstream to
sta 50+00. This degradation may have occurred before the structure at
sta 24+40 was constructed. The cross sections confirm the trends of the
profile.

Campbell Creek. The 1991 survey was used as the base stationing for the
channel since the first 6,500 ft of the 1985 survey appeared to be in error.
The profiles show 2 to 3 ft of degradation between sta 85+00 and 110+00.
The cross sections verify the profiles.

Epison Creek. No changes occurred from the mouth to sta 85+00. About
2 ft of degradation occurred between sta 85+00 and 130+00. Slight aggradat-
ion is shown upstream of that location. The cross sections verify these
changes.

Crowder Creek. Very little degradation occurred downstream of
sta 120+00. The degradation increased upstream to above sta 200+00 with a
maximum degradation of 4 to 6 ft occurring near sta 160+00. The cross
sections were not surveyed at the same locations in 1991 as in 1985.

Little Mouse Creek. These channel profiles are plotted to 1991 stations
since the 1985 stationing appeared to be incorrect. A maximum of 2 ft of
degradation occurred along the profile. The cross sections show very little
change.

An analysis was conducted to determine channel changes. The cross sec-
tions from 1991 were incorporated into HEC-2 data files. Cross sections from
1985 were in files developed by WET'. WET prepared a series of reports on
the Batupan Bogue Basin for the Vicksburg District. WET (1986) contains the
documentation of the hydrology developed for the Batupan Bogue basin from
the HEC-1 computer model. Six channels have been surveyed that have no
existing hydrology: Campbell Creek, Little Mouse Creek, Middle Fork
Worsham Creek, Epison Creek, West Fork Worsham Creek, and Caffe Branch.
Two channels that were not resurveyed on which hydrology exists are East
Fork Bogue and Wilkins Creek. The channels with hydrology were grouped
as tributaries of Batupan Bogue, Little Bogue, or Big Bogue. Initial runs of
the HEC-2 model showed that the 2-year discharge caused out-of-bank flows
on Bahwpan Bogue, Big Bogue, and Little Bogue. Since the primary focus of
the study was to determine channel parameters, flows on these three channels
were reduced to a percentage of the 2-year discharge to keep the water surface
elevation below top bank. The only discharges calculated by WET on the
tributaries were at their mouth. The 2-year discharge was used to model these
channels, but the discharge was not reduced as the watershed size decreased.
The 1991 data files were set up using the same Manning's n values as the
1985 data files. WET (1987b) divided Batupan Bogue, Big Bogue, and Little
Bogue into reaches as part of the sediment studies based on channel slope

t Unpublished data.
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from the profiles and the location of major inflows. Upstream of major
tributaries, the discharge was not reduced, but those reaches were considered to
have discharges in excess of the 2-year flow. Figure 31 shows the location of
the reaches in the basin. Table 22 shows the reach parameters of discharge,
velocity, depth, width, and slope for the watershed. Table 23 shows the
changes in reach values from 1985 to 1991. Table 24 shows the range of
percentage increases or decreases of parameters in the reaches. The changes in
the channel parameters should be considered with caution since many channels
in the basin were not resurveyed at the same location. Figures 32-34 are plots
of the hydraulic geometry relationships from EC 1110-8-1(FR) (HQUSACE
1990) with data for the Batupan Bogue watershed. Tributary reaches in which
the discharge exceeded the 2-year event are not plotted, and the discharges
plotted for Big Bogue, Little Bogue, and Batupan Bogue were 80 percent of
the 2-year event. On some channel reaches, the width varied from that
expected for a sandy alluvial bank to narrower than expected for stiff cohesive
banks. Channel depths varied from those expected for gravel streams to those
expected for sand bed streams. Channel slopes were steeper than expected.
Also the plots show only the more stable lower end of tributary channels and
include few degradational reaches.

Conclusions

Problems encountered in the geomorphic analysis ranged from survey data
to analysis methods. The 1991 thalweg profile stationing had to be corrected
to the 1985 stationing before the profiles could be compared. On a few pro-
files there were not enough comparable points to completely correct the sta-
tioning. Since cross sections were also identified by stationing, to properly
compare cross sections, the difference in stationing between the surveys had to
be considered. The cross sections that were the easiest to compare were those
that listed the cross section by both the 1985 and 1991 stations. In the future,
all cross sections should be listed by current and old station numbers. The
stationing of all bridges, power lines, or other such features should be noted on
the survey to make adjustments to profile length easier and to eliminate ques-
tions about aggradation and degradation zones.

Any two surveys represent only two points in time and not a total history
of the channel. An example of this situation is Caney Creek, where significant
degradation occurred between the two channel profiles. Several grade control
structures were constructed on the channel between the surveys. From only
the profile surveys it cannot be determined if the channel bed degraded before
or after structure construction, or degraded before structure construction and
aggraded after structure construction. In other locations, bed elevation changes
might be indicative only of the most recent discharges and sediment loads in
the channel and not long-term trends.

In a true geomorphic analysis of channel parameters, the width and depth
are measured directly from the cross sections. In this study the HEC-2
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backwater profile model was used to determine width, slope, velocity, and
mean depth on a reach-by-reach basis for the 1985 and the 1991 survey data.
The potential for significant problems exists with this method.

The 2-year discharge or the bank-full discharge, whichever was smaller,
was used in this study to calculate channel parameters. The assumption was
made that the 2-year discharge was close to the channel-forming discharge.
However, this assumption has not been verified in degraded channel systems.
The 2-year discharge used in the HEC-2 model was based on HEC-1 or TR-20
data developed on the watersheds for the Vicksburg District. There are practi-
cally no hydrologic data to verify these discharges. These numbers must be
improved as more data are collected on the DEC watersheds.

The Manning's n value selected for each reach of channel is critical to
calculating the proper water surface elevations and the resulting hydraulic
parameters. The data collection efforts in the watersheds will increase the
knowledge of n values by gathering data on water surfaces and discharges.

The cross sections surveyed in the DEC watersheds are an average of one-
half mile apart. If channel changes were to be analyzed only by direct com-
parison of individual cross sections, this spacing might be adequate. However,
this spacing may be inadequate for HEC-2 analysis. Many of the channels in
DEC watersheds are steep, and the conveyance changes greatly between cross
sections. During the analysis, the HEC-2 program frequently printed warnings
that the conveyance changes were outside acceptable limits. The calculated
hydraulic parameters would be more accurate if the cross sections were closer
together. There are few cross sections at natural drops and at grade control
structures. In many of these locations, critical depth of flow is assumed at the
first section upstream of a drop; therefore channel averages tend to be biased.
Also in consideration of the importance of evaluating the effects of grade
control structures, a more intensive monitoring effort should be made in the
vicinity of each structure.

Cross sections must be typical for each reach; otherwise trends will not be
accurately reflected. Also the cross sections should be monumented so that
they can be resurveyed. The 1985 cross-section locations on portions of
Batupan Bogue were not repeated in the 1991 survey, and the data were of
questionable value for both direct comparisons and HEC-2 analysis. Other
cross sections do not appear to be properly located on the watershed maps.

Using HEC-2 to calculate hydraulic parameters might not discover all chan-
nel changes between two surveys, however. It would be theoretically possible
using the hydraulic approach to have the same width and mean depth for two
different points in time but the elevation of the water surface would be signifi-
cantly different after the channel adjusted vertically. Therefore direct compari-
sons of channel profiles or cross sections are necessary in addition to the
hydraulic analysis.
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Additional information for data analysis would include information on the
bank material and the bed material at each cross section. For this study,
information was used from previous reports. However, this information should
be updated and could be gathered at the time of each survey.
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6 Hydrology

In the DEC monitoring program, methods are being developed to reduce
bank erosion along small streams. A vital part in developing these methods is
an accurate estimation of the flow in the streams. Therefore, hydrology
methods are being developed for all the watersheds in the DEC Project area.

A method for calculating streamflow must calculate the streamflows not
only under present land use patterns, but also under future land use patterns.
This will be useful in developing new methods to reduce sireambank erosion.

Since this is the goal, the SCS curve number method seems to be an appro-
priate choice for this study. Also, this method is easily adapted to a GIS sys-
tem such as the one being developed for the design of riser pipes.

Past Work

The Vicksburg District has set up hydrology models on Long Creek,
Hickahala Creek, Coldwater River, Black and Fannegusha Creeks, Hotophia
Creek, Batupan Bogue Creek, and Abiaca Creek. Also, hydraulic models have
been set up on all these watersheds except for Coldwater River.

SCS has set up some hydrology models on the watersheds in north
Mississippi. However, none of the models that the Vicksburg District or the
SCS has set up are in a GIS system.

Present Work

A GIS system is being built for the design of riser pipes that can be used to
set up the hydrology models. The data in the GIS system will consist of
1:24,000-scale elevation data, detailed channel data in selected reaches, SCS
generalized soil type grids, land use grids, aerial photography, slope grids, and
SCS curve number grids. Once all the data have been put into the system, the
hydrologic parameters needed to put into the HEC-1 program can be
calculated.
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The GIS system also allows the user to alter the land use grid to reflect
some desired land use and calculate the effects on the hydrology. This will be
useful in developing methods to reduce streambank erosion as mentioned
before.

Work was initiated on the evaluation of the applicability of the two-
dimensional hydrology model, CASC2D, to DEC watersheds. The GIS data-
base was used in constructing the CASC2D model for the Goodwin Creek
watershed. These model results are being compared to results from a one-
dimensional Snyder unit hydrograph model, a one-dimensional SCS curve
number model, and observed data from Goodwin Creek. Preliminary results
indicate potential for more accurate discharge calculations on DEC watersheds
with the two-dimensional modeling approach.

Future Work

This work will consist of taking the data in the GIS system, calculating the
parameters, and building the HEC-1 models. Presently an extensive gauging
operation is being conducted within the DEC watersheds to evaluate the effec-
tiveness of the control structures already in place. Also, discharge rating
curves are being developed at key gauging locations. This work will help in
adjusting the HEC-1 models, thus allowing for more detailed studies to be
done on the causes and solutions to the sediment problems in north
Mississippi. Also modeling of selected DEC watersheds using the two-
dimensional approach will continue.

58 ChapW 6 Hydroogy



7 Stream Gauging

The data collection effort is intended to be in direct support of the other
DEC functions. Data being collected consist of water surface elevations and
flow rates for the many streams and rivers in the DEC watersheds. The
primary use will be as input to hydraulic and hydrologic models, but it will
also be used in the analysis of the performance of hydraulic structures.

Raw Data

In its raw form the data are recorded in feet of water relative to some refer-
ence point. Depending on the type of instrumentation used, the data must be
added or subtracted to a known datum to represent the true water surface ele-
vation. In the case of the flow rate measurements, the data are recorded as
velocities associated with known cross-sectional areas. From these, a flow rate
is calculated for a given cross section.

Instrumentation Used for Obtaining Water
Surface Elevations

Four types of water level measuring instruments are being deployed, as well
as nonrecording crest gauges and staff gauges: a Lundahl ultrasonic distance-
measuring meter, a Leupold Stevens pressure transducer, a Micro-Tide tide
gauge, and a Leupold Stevens float and encoder assembly. It is desirable to
use recording instruments so that time-tagged data may be obtained. If small
enough data collection intervals are used, it is possible to obtain hydrographs
of runoff events that capture the peak flow rates. The nonrecording crest
gauges and staff gauges are Seing employed as checks for the electronic
recording instruments, and in some cases, over longer reaches to obtain water
surface backwater profiles for single peak events.

Ultrasonic sensor

Ultrasonic instruments have been employed in water surface elevation
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measurements at least since the Mount Saint Helens eruption with varying
degrees of success. The advantage of these instruments is that there is no
contact of the device with the water. Difficulties such as the loss of instru-
ments due to floating debris, fouling due to suspended sediment or biomasses,
and the need for expensive stilling wells are some of the traditional problems
associated with water level measurements that are immediately circumvented
by using an ultrasonic sensor. The inherent shortcoming of using an ultrasonic
sensor is the instrument's sensitivity to temperature and wind.

The model DCU-10 transducer, manufactured by Lundahl Instruments, Inc.,
was chosen for this project because of its acceptable specifications. The
accuracy is ±0.25 percent of range with no gradient using temperature compen-
sation, which for a distance of 25 ft is 0.0625 ft. The resolution is 0.01 ft over
full range. The instrument is very versatile in that there are 29 programmable
modes to adapt it to various measurement and deployment configurations. It is
encased in a strong stainless steel housing, and the ceramic transducer version
is extremely resistant to corrosion. The required power supply is 12-24 V at
95 mA. Temperature is compensated for by an optional integrated thermistor.
At calibration this thermistor is activated and allowed to sense the current
temperature. That temperature is then used as a reference temperature in the
equation

d 273)1/2] (1)

where d is the measured distance and t is the temperature in degrees Celsius,
to make adjustments to the measured distance. A test in a WES laboratory to
check the effectiveness of this compensating method showed that the measure-
ments made with compensation were within the manufacturer's specifications.
Based on these results, DEC accuracy requirements, and the prior successful
employment of these instruments on the U.S. Corps Army of Engineers dredge
Wheeler (Scott 1992), it was decided to proceed with the deployment of the
Lundahl DCU-10 on the DEC watersheds. A mount was designed and built
using 1/4-in. steel pipe and off-the-shelf electrical connector boxes and fittings
(Figure 35). The mount is intended to provide protection from weather and
vandalism. It also provides a convenient means of fastening the sensor to
posts, walls, an,! bridge railings, as well as allowing easy yet secure access to
the instrument for field calibration and trouble-shooting if necessary. A Sutron
8200 data logger was selected to power the instrument and record the data
because of its competitive price and the many features suited to this applica-
tion. Specifications for the data logger are in Appendix D. A 24-V solar
panel was also installed with a blocking diode to keep the logger internal
battery fully charged at all times. The instrument, mount, and logger are
shown in Figure 36.
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Figure 35. Ultrasonic sensor mount

Pressure transducers

Early in the program it was determined that the installation of ultrasonic
meters would not be possible at all locations, since these instruments require a
stable, stationary base on which they can be mounted. Thus when bridges,
wing walls, or other already existing structures for mounting an ultrasonic
instrument were not available, it was decided that a pressure transducer of
some sort might provide an acceptable solution. These instruments can be
located at the bottom of a stream, and thus are in general less likely to be
affected by debris. Also, no stilling well is required. If fouling of the sensor
can be avoided, these instruments can provide satisfactory data within the
given accuracy constraint. A Leupold and Stevens model 420 level logger in
conjunction with the Stevens Submersible Depth Transmitter II (SDT II) was
chosen. The manufacturers' stated accuracy and other specifications are shown
in Appendix D. In general, errors of 0.06 ft in 25 ft would be the upper limit.
The range of the instruments purchased for this project is 25 ft. The
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Figure 36. Ultrasonic sensor, mount, logger, and personal computer

transducer is vented to the atmosphere, so there is no need to compensate for
changes in atmospheric pressure. To provide protection for the transducer as
well as a method for securing it to the channel bottom, 1/4-in.-thick, 2-1/2-in.-

diam steel pipe is used. Fittings were designed to allow the instrument to be
threaded into or out of the pipe mount to allow for servicing when necessary.
The pipe mount is secured to a 5-ft length of angle iron and driven into the
creek bed. The signal cable is secured in buried 1/2-in, steel conduit from the
instrument in the creek bed, up the bank, and to the logger box assembly. A
typical logger box installation is shown in Figure 37. The logger is a dedi-
cated single-channel unit accepting a 4- to 20-mA signal from the transducer,
and powered by a 12- to 24-V source (presently a 12-V 6-Amnpcre hour bat-
tery). Using a 64,000-byte data card, and when logging at intervals of 10 min,
the 420 logger can log data for approximately 180 days. The logger is housed
in a weatherproof enclosure box and mounted to a post. More detailed
specifications for the logger can be found in Appendix D.

A second type of submersible pressure transducer was also purchased and
tried. It is a fully submersible micro gate used primarily in tidal zones. The
unit consists of a data logger, pressure sensor, and battery pack, all enclosed in
a waterproof stainless steel cylindrical container. It also can be connected to a
personal computer (PC) for instrument configuring and data retrieval. The
transducer is not vented to the atmosphere; therefore, the data must be cor-
rected for changes in atmospheric pressure. The accuracy of the sensor is
reported to be 0.1 percent, and the memory capability is 22 kilobytes.
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Figure 37. Logger box assembly for pressure transducer

Individual sensor calibration showed maximum errors of 0.016 ft and 0.011 ft
for the two units. The cylindrical unit is mounted in a flanged polyvinyl
chloride (PVC) pipe and secured to the channel bottom with 4-ft-long 3/4-in.
steel rebar. This installation is shown in Figure 38. The submersible unit was
purchased from Coastal Leasing, Inc., Cambridge, MA.

Float and Pulley Systems

Two shaft encoders for use with a float and pulley assembly were also
purchased with the intent to use them at existing but abandoned stilling wells.
The Leupold and Stevens Type A/F logger with compatible encoder was
selected. The specifications for this instrument can be found in Appendix D.
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Figure 38. Submersible pressure transducer installation
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Crest gauges

The crest gauges consist of 2-in. PVC pipes with screw-on caps for the top
and bottom. Holes are drilled in the bottom and along the sides to allow
waterto move up and down in the pipe as the water level in the creek rises and
falls. A cork reservoir is attached to a wooden rod graduated in tenths of a
foot and inserted into the PVC pipe. The cork floats up and down with the
water inside the pipe and adheres to the wooden rod at the highest level to
which the water rose. The crest gauge is usually attached to 3/4-in. iron rebar
driven into the creek bed and banks. As mentioned earlier, this type of mea-
surement is not time tagged, and applies to only a single maximum event

Discharge Measurements

Standard methods of stream gauging will be used on the various DEC
streams to obtain flow rate measurements. Both Price AA current meters and
Marsh-McBirney electromagnetic current meters are being employed. Mea-
surements are made by wading at low flows, and from bridges and bank-
operated cableways at high flows. A design for bank-operated cableways
(Figure 39) described in USGS (1991) was built and installed at Long Creek
and Hotophia Creek.

Site Locations

At present all 15 of the sites scheduled for instrumentation in FY 92 have
been completed. Each site consists of at least one of the previously mentioned
types of instrumentation. Table 25 lists the completed sites and the types of
instruments used at each. The locations of each site and the instruments
deployed are shown in Appendix D.

Progress Through May 1992

This report presents the progress through May 1992 that has been made in
the number and location of sites that have been instrumented. For the water
level monitoring needs, in addition to the identification of suitable instrument
components, the purchasing, assembly, and calibration of the systems also
required a considerable initial effort. Once these phases were completed, then
the instruments were installed in the field. The first site completed was Long
Creek in October 1991, the most recent, Lick Creek in May 1992. A total of
33 crest gauges, 12 ultrasonic sensors, and 17 pressure transducers have been
deployed.
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Preliminary Results

Several aspects of the instrumentation performance should be addressed.
First are the performance and reliability of the physical units in the field. To
date there have been no malfunctions of any sensor. One Sutron data logger
has presented difficulties in retrieving the data via a PC, but otherwise has
recorded all data correctly. Several instances of battery failures have been
noted with the Leupold Stevens units, but no critical data have been lost.
Several crest gauges have been washed out, but were replaced. Overall relia-
bility of the instrument operation has been very good, with very minimal
downtime.

The second performance factor being considered is the quality of the col-
lected data. This is more difficult to assess. The ultrasonic instruments do
seem to display a diurnal pattern in the collected data, even though tempera-
ture compensation is activated. However, the error introduced by this fluctua-
tion appears to be less than 0.05 ft in general. Additionally, it is felt that if an
average value of the fluctuations is computed, this value will be very near the
true water surface elevation. It is intended that some time during the project
actual water surface measurements during a 24-hour period can be made to
verify these assumptions.

The data from the Leupold Stevens pressure recorders do not show the
same diurnal effects. There are, however, occasional abnormal spikes in some
of the data. The cause of these outliers has yet to be determined, but in any
case they do not interfere with the normal data trends.

Data from the micro tide submersible instruments were downloaded, but not
yet graphed and viewed.

Crest gauge readings have been taken, but since none of the gauges have
been surveyed in, the data cannot yet be used in any other than a local sense.

With regard to stream gauging, all sites have been gauged for low flows as
of this writing. In addition, bridges have been marked and instruments and
crews prepared for gauging activities in the event of a storm with potentially
favorable conditions. Also, the two bank-operated cableways have been
prepared for similar instances.

The data from which the preliminary data quality assessments were made
are of tremendous volume, since readings are being taken at 10-min intervals.
Most of the data from all sites through late April have been downloaded, and a
good portion of them read into DSS format. However, at this time only a few
have been graphed. It is from these few that the preliminary quality assess-
ment was made in the preceding paragraphs. A more complete analysis of the
data in terms of quantity and quality, along with any calibration corrections, is
planned for the upcoming months.
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8 Hydraulic Structures
Monitoring

Purpose and Scope

The purpose of this work area is to collect field data on selected structures
including riprap bank stabilization structures to evaluate hydraulic perfor-
mance. The 5-year scope of work set forth that a minimum of six grade con-
trol structures would be selected for detailed data collection to evaluate
hydraulic performance of the structures. The structures would be selected on
the basis of special features to include high drop, low drop, significant
upstream flow constriction, limited upstream flow constriction, free flow, and
submerged flow. The structures would be instrumented to collect data to
evaluate discharge coefficients, energy dissipation, flow velocity distribution,
and effects of submergence on performance. All riprap bank stabilization
measures in each watershed would be visually monitored and problem areas
identified. A minimum of three riprap bank stabilization installations to
include riprap blanket revetment, riprap toe protection, and riprap dikes would
be selected to evaluate toe and end section scour. Data would be collected
during runoff events to measure magnitude and location of maximum scour
and the corresponding hydraulic parameters. This work area would also
include the construction of a physical model of the low-drop structure in
FY 92. The model would be used for research and development to determine
if cost-reduction modifications can be made to the structure that either main-
tain or enhance performance characteristics of the existing structure.

Description of Work for FY 92

During the first three quarters of FY 92 (the period covered by this report),
two drop structures were instrumented to include water surface elevation
recorders upstream and downstream of the weir and a cableway for measuring
flow velocities in the upstream approach. A low-drop structures on Long
Creek and a high-drop structure on Hotophia Creek were selected to instrument
in FY 92. The types of instruments are described in Chapter 7. Also during
this veriod, three low-drop structures on Worsham Creek and one high-drop
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structure on Burney Branch Creek were instrumented with recording water
surface gauges placed upstream and downstream of the weir. Instrumentation
of riprap bank stabilization installations was not planned for FY 92 but will
begin in FY 93. A physical model of a 10-ft-drop low-drop structure was con-
structed in FY 92, and a detailed discussion of that effort is given in
Chapter 11 of this report. Aerial videos of the main channel and major tribu-
taries were made, and the general observations from these videos on the exist-
ing condition of grade control and bank stabilization structures are reported in
Chapter 4 of this report.

Background

Existing Design Guidance

The design criteria presently being used by the Vicksburg District for the
design of low-drop grade control structures have evolved from field and
laboratory studies. The criteria relative to basic dimensions of the low-drop
structures being constructed in the DEC Project were developed from model
tests at the ARS Sedimentation Laboratory, Oxford, MS (Little and Murphey
1982), and thus this type of structure is referred to as the ARS type low-drop
structure. A low drop is defined as a hydraulic drop with a difference in ele-
vation between the upstream and downstream channel beds, H; a discharge, Q;
and a corresponding critical depth, Yc, such that the relative drop height, H/Yc,
is equal to or less than 1.0. Conversely, a high drop is defined as one with a
relative drop height, H/Yc, greater than 1.0. Design guidance for high-drop
structures in the DEC Prcject is given in the SCS National Engineering Hand-
book (SCS, no date), and is referred to as a Type C high-drop structure.

Low-Drop Structures

A physical model study of an ARS-type low-drop structure was conducted
at Colorado State University (CSU), Fort Collins, CO, by WET (1990) to
evaluate the performance of the structure under flow conditions not investi-
gated by Little and Murphey (1982), and to determine if cost-reduction modifi-
ra"ions to the structure were feasible. WET (1990) concluded that the original
design by Little and Murphey (1982) produced an effective structure at low
tailwater conditions but was not as effective for high tailwater conditions.
WET (1990) reported an improvement in the performance by replacing the
baffle plate with seven H-pile baffling devices arranged in two rows. They
also observed significant riprap instability in the model study.

During the period when WET (1990) was conducting the model study, a
field study was conducted of 32 low-drop structures located throughout the
DEC watersheds by Lenzotiv and Fullerton Consulting Engineers, Inc., and
SLA (1990). The field study revealed that 28 out of 32 structures had satisfac-
tory performance, but riprap instability was noted in many structures. The
location of the instability was the same as where the model study had indicated
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a problem due to hydraulic conditions-immediately below the weir along the
bed and side slopes. The field study also indicated riprap instability along the
downstream apron and along the downstream side slopes. This problem was
attributed to channel degradation downstream of the structure and thus was not
a problem in the model because the downstream channel was fixed in concrete.
In addition, the field study found that much of the riprap in the structures did
not meet design gradation.

As a result of these two studies, another study was conducted at CSU (Abt
et al. 1991) to develop riprap sizing criteria for the ARS-type low-drop struc-
tures. This study consisted of a field inspection of existing structures and a
physical model study.

A field inspection was made of 20 structures in the Yazoo basin to assess
the range of conditions under which the structures are designed and operate, to
revise data on actual rock size for structures now in place, and to provide a
basis of comparison for model and prototype response. Of the total of 20 sites
visited, 14 were low drops (2 new with less than a year of service), 3 were
Type C high-drop structures, 2 were designed as minimum structure with no
drop, and 1 was a highway culvert drop structure. The main conclusions from
the field study of low-drop structures were as follows: (a) in the absence of
field-measured submergence data, a design value for the unit discharge/ds0
parameter should not exceed values in the range of 100-120; and (b) existing
low-drop structures with a unit discharge/ds 0 in excess of 100 should be
monitored closely for potential repair.

Results from the physical model tests indicated that the relationship of the
ratio of the unit discharge over the median rock sizes (unit discharge/ds0)
versus submergence may be used to predict the stability of riprap located at the
critical zones of the drop structure. Submergence is defined as the ratio of the
difference between the tailwater elevation and weir crest elevation t'and critical
depth Yc, i.e., t'/Yc. The critical zones occurred at the toe of the stilling basin
side slopes immediately downstream of the weir and upstream of the baffle
devices. The riprap instability was caused by the plunging jet at the weir that
impinges on the riprap. The original ARS low-drop structure was modified to
consist of a vertical drop from the weir to stilling basin floor (in the original
structure, riprap was placed against the downstream side of the weir on a
1V:5H slope to the basin floor), and model tests indicated a smaller rock size
was required for stability just downstream of the weir. Therefore, Abt et al.
(1991) recommended application of the modified structure over the original
basin.

The purpose of the model constructed at WES in FY 92 was to modify
and/or develop guidance regarding both hydraulic design and riprap stability to
accommodate a 10-ft drop structure with an H/Yc greater than 1. Presently, the
drop height for the ARS-type sheet-pile structure is limited to 6 ft based on
hydraulic and structural considerations. However, due to the potential savings
of a sheet-pile structure over a Type C concrete structure, the Vicksburg
District has reevaluated and modified the structural design component of the
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sheet-pile structure to allow higher drops. Consequently, hydraulic
performance and riprap sizing criteria are needed for the structure. The details
of the physical modeling effort are given in Chapter 11.

Status and Conclusion

FY 92 Progress

The work effort during this reporting period for this task has been directed
at field site selection, instrumentation selection, procurement and installation in
field sites, and developing data collection procedures. Attention has also been
given to analyzing model studies data (WET 1990; Abt et al. 1991), which will
serve as the basis for comparison between model and prototype hydraulic
performance. However, as of the end of this reporting period, the instrumenta-
tion has not been in operation long enough to provide any meaningful data to
include in the report.

Field Site Selection and Instrumentation

Two sites have been selected and instrumentation installed to monitor
hydraulic parameters necessary to evaluate performance. An ARS-type low-
drop structure site was selected on Long Creek (Figure 40) and a Type C high-
drop site was chosen on Hotophia Creek (Figure 41). Additional sites will be
added to the list over the next 2 years to include all features.

Long Creek Low Drop

The Loxng Creek ARS-type low-drop structure was constructed in 1987 with
a drop of 4.5 ft (Figure 40). The structure includes the feature of a significant
upstream flow restriction. The approach channel to the structure was stabilized
using a longitudinal stone toe along both channel banks. As reported in the
CSU field study (Abt et al. 1991), the weir width is 63 percent of the upstream
channel where many other structures in the DEC Project have a weir width of
90 percent to 115 percent of the upstream channel. The structure has been
effective in inducing upstream aggradation and related increases in bank stabil-
ity. The structure is in need of repair because the filter material is exposed in
the basin immediately downstream of the weir and the channel immediately
downstream of the structure is unstable.

The Long Creek structure was instrumented with recording water surface
gauges upstream, downstream, and at the weir crest. Crest stage gauges were
also installed near the recording gauges to serve as backup instruments and as
calibration checks on the recording gauges. The purpose of the gauges is to
record the water surface elevation at 15-min intervals during major storm
events so that the effect of submergence on discharge coefficient and energy
dissipation may be evaluated. A cablcway was installed in the upstream
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Figure 41. Hotophia high-drop site
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approach channel to support and traverse the channel with flow velocity meters
for stream gauging purposes. During storm events, flow velocity measure-
ments will be made for computing discharge and evaluating discharge
coefficients.

The placement of a recording gauge on the weir crest was the result of
analyzing model data. Analysis of model data (WET 1990; Abt et al. 1991)
indicated a reasonable correlation existed between the ratio of flow depth at
the weir crest to critical depth (depth at crest/critical depth) and submergence
(Figure 42). Provided a similar correlation is verified in the prototype, the
low-drop structures instrumented with recording water surface gauges at the
crest and downstream would provide an easy means of using the drop
structures as gauging stations with minimum time and cost as compared to
standard gauging techniques.
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Figure 42. Depth at crest/critical depth versus submergence from model data

Hotophia High-Drop Structure

The high-drop grade control structure, Hotophia Creek Site 2, is located
approximately 10 miles upstream of the confluence with the Little Tallahatchie
River and is approximately 5,400 ft upstream of Mississippi Highway 315.
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The structure is reinforced concrete that consists of a rectangular 60-ft-wide
weir that has a 14-ft drop into a 60-ft-long baffled stilling basin. The weir is
designed to pass the 100-year discharge of 7,500 cfs. The structure was placed
into operation in the fall of 1991.

The structure was instrumented with recording water surface gauges up-
stream, downstream, and at the downstream end of the stilling basin wall.
Similar to the Long Creek low-drop structure, crest stage gauges were also
installed near the recording gauges to serve as backup/calibration check in-
struments and a cableway was installed in the upstream approach channel for
stream gauging purposes.

Conclusions

During the first three quarters of FY 92 (period covered in this report) the
effort was concentrated in site selection, in selecting and procuring instru-
ments, and in installing the instruments. At this writing, sufficient data have
not been collected to analyze and report. The recording water surface eleva-
tion gauges have recorded several storm events, but the vertical control and
channel cross-sectional geometery survey will not be completed at the instru-
ment locations until the end of June 1992. However, it is anticipated that
sufficient data will be obtained, analyzed, and reported in the FY 93 report.

74 Chapter 8 Hydraulic Structures Montoring



9 Design Tools, Riser Pipe
Hydraulic Design

Background

Riser or drop pipes have been used in the DEC watersheds to reduce gully
erosion. The original riser pipe design procedures were developed by SCS and
require data from several sources: drainage area, flow length, SCS curve num-
ber, and rainfall. Soil type and slope are usually taken from county soil sur-
veys maps published by SCS. The SCS curve number can be found in the
SCS National Engineering Handbook (SCS, no date) and is a function of soil
type and land use. The rainfall for the 2- to 100-year storms is published by
the National Oceanic and Atmospheric Administration. Drainage area and
flow length can be determined from quadrangle maps or aerial photography.
a. detailed discussion of drop-pipe design is given in Appendix E.

Purpose and Approach

The purpose of developing the riser pipe design system was to reduce the
time required to perform hydrologic computations used in the design of riser
pipes. The riser pipe design procedures use data stored in the engineering
database/GIS to determine the required parameters.

The soil group data in the database were developed from the generalized
soil survey maps that are available for each county. In future work the SCS
digital line drawing will be used as the source data for soil type or soil group.
A soil grid map is shown in Figure 43.

The land use information for the Coldwater River basin in the engineering
database/GIS was developed by the Vicksburg District. For the remaining
watersheds, the land use data will be devclopeC by ARS. Landsat digital
photography will be the source of the land use data. Currently, the database
contains land use data for Coldwater, Long Creek, Hickahala-Senatobia,
Hurricane-Wolf, and Cane-Mussacuna.
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The slope grid was developed from USGS DEM's. A majority of the DEC
watersheds will use 1:24,000 DEM data. In locations where the 1:24,000
DEM data are not available, the Defense Mapping Agency 1-degree digital
elevation data will be used.' The DEM data for all of the DEC watersheds
have been placed in the engineering database/GIS.

The database contains an SCS curve number grid developed from the soil
grid and the land use grid. Curve number grids are available for Coldwater,
Long Creek, Hickahala-Senatobia, Hurricane-Wolf, and Cane-Mussacuna.

Drainage area and flow length are calculated using basic MicroStations
commands.

Work Flow

A typical work flow to use the engineering database/GIS for performing the
hydrologic calculations is as follows:

a. Conduct a site visit and determine drainage patterns, vertical drop from
overbank to the channel bottom, and land use. (Recent land use changes
may not be in the engineering database.)

b. Use the MGE package on the Intergraph workstation to delineate the
drainage area, flow length, and the calculated average curve number.

c. Use the SCS program EFM on a PC to calculate the design flow for the
riser pipe. The SCS program for hydrologic calculations and a PC
program for the hydraulic design of riser pipes will be ported to the
Intergraph workstation in FY 93.

Future Work

Future work on the riser pipe system will be directed toward improving and
simplifying the riser pipe design procedure and collecting land use and soil
data for the remaining DEC watersheds. WES plans to have the land use, SCS
curve number, slope grid, and soil groups for all 15 watersheds in the engi-
neering database by the end of FY 93. During FY 93, a large effort will be
placed on hydrologic procedures used in the DEC watersheds. A possible
result of this effort may be a less complicated procedure for riser pipe
hydrology. The present method appears to more complex than the riser pipe
hydraulic design can support. In practice a designer is limited to pipe
selection in 0.5-ft increments; also as shown on a typical example in Fig-
ure 44, the SCS method is sensitive to slope. Accurately determining the slope
for the typical riser pipe design is cost prohibitive.
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10 Design Tools, Proposed
Design Procedure For
Stabilizing Incised
Channels

Background

The six parameters that the hydraulic design engineer deals with are
(a) width, (b) depth, (c) slope, (d) hydraulic roughness, (e) bank line migration,
and (f) planform. The first four are the focus of this document. They are
referred to as channel dimensions. The example presented here demonstrates
the application of a design procedure that is presently being developed in the
Flood Control Channels Research Program. It is proposed here for testing and
evaluation on channels in the DEC. The calculations that are required have
been packaged in the computer program "Hydraulic Design of Channels,"
SAM (Thomas et al., in preparation).

The first step is to select the watershed and the project reach within that
watershed. The Long Creek watershed was selected because previous studies
have been conducted and rather extensive field data are available. The
upstream end of the mainstem was selected as the Project Reach because two
low-drop grade control structures were built in that channel during the time
period between the two field surveys.

In this test, the objective is to determine if the low-drop structures will be
successful in stabilizing the channel invert against further degradation.

Proposed Design Procedure

The proposed design procedure is summarized in the following ten steps:

a. Locate the watershed on a drainage basin map.

b. Plot bed profile(s) of the stream system.

Chapter 10 Design Tools, Proposed Design Procedure For Stabilizing Inised Channels



c. Locate cross sections on the profile plot.

d. Partition the stream profile into reaches.

e. Develop hydrologic data for each reach.

f Collect and display bed sediment gradations.

g. Choose a Reference Reach and calculate stable channel dimensions to
verify the procedure.

h. Change the water discharge to that for the project reach, retain the cal-
culated sediment concentrations from the reference reach, and calculate
the channel dimensions for the project reach.

i Reduce the inflowing sediment concentrations for the bed material load
as predicted for the future project conditions and calculate a new set of
channel dimensions.

j. Test the selected design dimensions using the sediment yield package in
SAM to calculate annual yield and single-event yields for single-event
flood hydrographs.

The Design Channel Cross Section

The first step in the design process is to formulate the target cross-section
type. The possible types have been reduced to the three shown in Figure 45.

Design Parameters

In fixed-bed hydraulics, the channel dimensions themselves are the design
parameters. They can be prescribed or optimized using a least-cost criterion.
In movable-bed hydraulics, the channel dimensions are not the design parame-
ters, but rather are dependent variables. The design parameters are the
independent variables--those the engineer can prescribe. There are three
design parameters:

a. Inflowing water discharge.

b. Inflowing sediment concentration.

c. Particle sizes of the inflowing sediment concentration.

These design parameters prescribe the loads on the stream system. Design
dimensions are the combinations of width, depth, slope, and hydraulic rough-
ness that will convey those loads through the project reach.
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a. Type A: Channel- b. Deeply Incised c. Type C: Channel in

Forming Discharge Channel but Degradation Depositional Zone
is Bank-Full is Arrested

Figure 45. Design channel types

Drainage Basin

The drainage basin is shown in Figure 46. The portion of the creek used in
this example, labeled as design example, was partitioned into five reaches
(NWHC 1989). Drainage area is the primary parameter of interest because it
is a key parameter in distributing the water runoff from the subdrainages in the
basin.

Figure 47 shows the thalweg profiles from the 1985 and 1991 surveys.
These profiles were from the surveys analyzed in the detailed geomorphic
studies in Chapter 5, "Channel Response, Detailed Geomorphic Study."

The positions of the 1985 and 1991 cross sections are shown along the
abscissa of Figure 47.

To this basic diagram the five reaches defined by NWHC were added,
along with the drainage areas for each-also supplied in the NWHC reporL

Hydrologic Data

The calculated annual peak discharges for floods having a probability of
being equaled or exceeded of 2, 10, and 50 percent, commonly referred to as
the 2-, 10- and 50-year floods, respectively, are shown on the scale across the
top of Figure 47. These values, which were obtained from the NWHC report,
are referred to as the TR-20 results, indicating they were obtained with the
SCS rainfall/runoff package, TR-20. The geomorphic study showed the
2-year discharge plotted closest to the classical regime curves for width.
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Consequently, it was regarded as a reasonable estimate of the channel-forming
discharge for the design calculations.

Bed Material Properties

Bed material data were obtained from the Vicksburg District for all the
DEC watersheds. The collection was actually done by ARS. The bed material
was sampled to a depth of 4 in. Samples were taken along the center line of
the channel with supplemental samples taken over a section and composited.
The sample locatiuas were marked on a map and later transferred to the chan-
nel station scale on the thalweg profile plot.

The bed material data for Long Creek were worked up to produce profile
plots of the sediment size (Figure 48). There appears to be no coarsening
trend up the watershed as may have been expected, but the incoming tributar-
ies may have an effect.

The D15, D50 , and D.4 values were calculated and plotted in Figure 49.
The average D15 value is 0.19 mm (range 0.31-0.14 mm), D50 average 0.66
(range 5.22-0.20 mm), and D84 average 4.98 (range 22.07-0.35 mm). Values
for D15 and D50 are fairly similar the entire length, but D8 values vary
greatly. That is, there appears to be a coarsening effect from the tributaries
entering in reaches 1 and 2. From Caney Creek there is an introduction of the
coarser sands and gravels. The confluence of lateral six and Goodwin Creek
shows a similar effect. That shows in the D50 values, also. The most
upstream couple of samples in reach 5 may be the start of the coarsening trend
one expects as one moves in the upstream direction.

The SAM Package

The hydraulic design package SAM presently consists of 13 computer pro-
grams written for the PC (Figure 50). The analytical method for calculating
channel width, depth, slope, and n value, given the three design parameters of
water inflow, sediment inflow, and sediment particle size, is in SAM.hyd.
Before running that solution, it is important to know the sediment size and
concentration. Even when measured field data are available, it is important to
calculate the sediment inflow with Brownlie's transport function to determine
the concentration for use in the channel dimension calculations. That is
because the channel dimension calculations are based on the Brownlie trans-
port function and bed roughness predictor.

The SAM.hyd program solves for the bed roughness when the bed sediment
gradation is known. It then composites that value with the hydraulic rough-
ness of the bank and of the floodplain. The total hydraulic loss is calculated,
and the results are expressed as an "effective width," "depth," "velocity," and
"slope" for sediment transport calculations. Sediment transport computations
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HYDRAULIC DESIGN PACKAGE FOR FLflOD COWI7.OL CHANNELS MEIU

MnMf I OF 2

1 - SAM.hyd Hydraulic Calculations

2 - SAN.sed Sediment Transport Calculations

3 - SAN.yld Sediment Xield Calculations

4 - Plot Hydraulic and Sedimunt Calculations from SAM

5 - PSAN Prepare SAX.hyd Input Files

6 - SAX.u95 Use TAPE9S to Prepare SAM.sad Input File

7 - LIST

8 - EXI)T TO DOS

Calculate Hydraulic Parameters

May 28, 1992 9:41:27 am Memory* 488 K

Press H for Help

*.e..ee PAGE 2 MEN U *****OmOm

MENU 2 OF 2

I - COED

2 - SAo.aid Guidance in Transport Function Selection

3 - Particle Fall Velocity

4 - Curvf it

5 - REC2

6 - DIRECTORY

7 - EXIT TO DOS

Edit a File using COED

May 28, 1992 9:42:12 an Mmory: 486 K

Press H for Help

Figure 50. SAM menus

are made in SAM.sed. This provides the sediment concentration for use in the

stable channel dimension calculations. Figure 51 shows the complexity of

cross section the SAM package is developed to provide.
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Figure 51. Example of complexity of cross section SAM can provide

Reference Reach

It appears that reaches 1 and 2 are stable in as much as they do not show
much aggradation or degradation, but they do have variation within the reach.
Reach 3 appears to be the mos: stable on the whole with little degradation.
Reaches 4 and 5 have the most degradation with the structures being in
reach 5.

Reach 3 was selected as the reference stable reach. The profiles showed
that it did not degrade very much. The upper and lower sections deepened
slightly, also seen by profiles, but the center section of the reach did not
change much. The probe data collected by NWHC showed that this reach had
4 ft of sediment in the bottom of the channel, another sign of a more stable
reach.

The HEC-2 TAPE95 data were processed using the SAM utility, SAM.m95,
to calculate the average width, depth, velocity, and slope for the reference
reach. These averaged values were then compared to the HEC-2 output to
select the cross section that was closest to the average for that reach. In this
case section 22600 was selected (Figure 52).

The X1 and GR-data for section 22600 were read into SAM.hyd. Added to
this were the TR-20 discharges, the calculated slope from SAM.m95, the
estimated roughness elements for the banks, and the bed sediment gradation
data. A roughness value was assigned to each "panel," the space between each
pair of coordinate points, across the cross section.

Four water discharges were selected for the calculation. A base flow of

100 cfs was the lowest value. A discharge exceeded about 10 percent of the
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Figure 52. Cross-section comparison, 1985-1991

time, 1,000 cfs, was selected as an intermediate value. The 2-yr and the 10-yr
floods were the highest values used.

Given these data, SAM.hyd calculated the water surface elevation and the
effective width, depth, velocity, and slope for each prescribed water discharge.
Using these effective values, the sediment concentration was calculated with
SAM.sed using the Brownlie sediment transport function.

The sediment concentration together with the discharges and the bed sedi-
ment gradation (D84, D50, D 16 ) were input to SAM.hyd to calculate stable
channel dimensions using the Copeland method (Copeland 1990). The results
are the graphs of slope versus width shown in Figure 53.

The validity of the procedure was checked by plotting the effective width
and slope, calculated by SAM.hyd using the cross-section 22600 geometry, in
Figure 53. The values match the analytical channel dimensions very nicely.
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Project Reach

Reach 5 was selected as the project reach. There is presently a grade con-
trol structure at the downstream end of that reach. The question of interest is,
"Will that reach be stable as the result of that grade control structure?"

Using the water discharges for reach 5 and the sediment concentrations
calculated for reach 3, Figure 54 was produced. Effective values of width and
slope were calculated for reach 5 geometry using the 1985 and the 1991 cross
sections. The 1985 values plot well into the unstable region of Figure 54.

In 1985 the channel was very unstable with the slope being too great. In
1991 degradation had reduced the slope as shown in Figure 47. This confirms
the design technique for conditions to date. It does not guarantee the values
on the design curve are stable values because only the passage of time will
verify those values. However, it would have predicted degradation given the
slope and width in 1985.

Moreover, the design procedure predicts only a small amount more degra-
dation before this reach attains a stable condition.

The final step in the design procedure is to estimate the percentage of bed

material load coming from the reach affected by the proposed project design.
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Figure 54. Stable channel, project reach

The inflowing sediment concentration would then be reduced by that percent-
age because if the project is successful it will eliminate that source of
sediment.

In this case, the bed profiles indicate that a significant amount of degrada-
tion has occurred in the reach affected by the project. The estimate is that a
reduction of 50 percent of the bed material concentration can be expected as a
result of the proposed project. That will change the calculated channel
dimensions as shown in Figure 55.
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11 Physical Model Testing

Riprap Drop Structure Model

Background

Low-drop grade control structures have been used to arrest erosion in incis-
ing channels. The concept of the drop structure was originally developed
based on an equivalent energy approach. Numerous variations and types of
these structures have been constructed both in model studies and in prototype
locations.

Sheet-pile grade control structures have been used in the DEC Program to
arrest erosion due to headcutting. These structures consist of an upstream
approach transition section from the natural channel to the sheet-pile weir, a
vertical drop into a riprap stilling basin to dissipate the energy, and a down-
stream transition. The use of sheet-pile and riprap in low-drop design is an
economical alternative to a concrete structLre and apron.

Purpose and approach

Current design criteria for a sheet-pile grade control structure limits the
drop height to 6 ft. The limits are partially based on hydraulic limitations and
partially on structural design limitations of the vertical placement of the sheet-
pile cutoff. Due to the potential for savings of a sheet-pile structure as
opposed to a concrete drop structure, a reevaluation of structural design com-
ponents by the Vicksburg District verified the constructability of the higher
drop. However, the hydraulic performance and riprap design criteria were not
heretofore tested for the ARS-type drop structure nor design criteria developed
for sheet-pile riprap drops greater than 6 ft.

Drop structures have typically been classified as either low or high drops
according to a ratio of drop height H to critical depth Yc" Low drops are those
with a value of H/Y, less than or equal to 1. The proposed drop height of
10 ft would change the classification of drop structure for the same design dis-
charge and critical depth of 6 ft by exceeding a ratio of 1. Therefore, based
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on the disagreement between the actual drop classifr-ation and the proposed
design criteria, it is necessary to study the performance of this structure.

The purpose of this study is to modify and/or develop guidance regarding
both the hydraulic design and the stable riprap design to accommodate a 10-ft
drop structure with -., H/Ye ratio greater than 1. The objective of the study is
to determh.i, the feasibility of using a higher drop and, if feasible, develop
design guidnct pertaining to the higher drop. A 1:12-scale physical model
will be usea to investigate the proposed sheet-pile grade control structure with
a 10-ft drop.

Design assumptions

The drop structure design was based on the modified ARS-type structure
previously recommended in a study conducted by CSU (Abt et al. 1991). The
dimensions were determined from the ARS criteria, the CSU study, and recom-
mendations by the Vicksburg District. The original basin design dimensions
and criteria were selected to make results from the CSU model and the WES
model comparable (Abt et al. 1991).

Many of the design dimensions are contingent upon the critical depth;
therefore, a design discharge of 4,000 cfs was selected. This same design
discharge had been used in the previous model by CSU. A channel bottom
width and weir length of 40 ft were selected. The weir shape was trapezoidal
with 2.SV:1H side slopes. The critical depth based on the weir cross-sectional
shape and the discharge was 6.0 ft. All design dimensions that are a function
of critical depth were based on 6.0 ft. The channel drop H for design was
10 ft.

The basin design criteria deviated slightly from that developed by Little and
Murphey (1982) according to actual prototype structures used in the DEC
Program. Specifically, a trapezoidal stilling basin replaced the wider and more
rounded planform; the drop was verticel instead of sloping; the baffle plate
was not used; and the location of the larger riprap was based on the criticai
areas identified in the CSU study (Abt et al. 1991).

Dre; structure dimensions. The dimensions were determined from the
followi•,g equations (notation adapted from CSU report). The drop plan and
profile dimensions are shown in Figures 56 and 57, respectively:

Given:

a. The design discharge Q of 4,000 cfs.

b. The channel width and weir length B of 40 ft.

c. The stilling basin side slopes SB of 2.SH:1V.

94 Chapter 11 Physical Model Testing
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d. The end sill slope SE of 5H:IV.

Calculate:

a. The variable XB

XB = Yc3-54+ 4.26( _jj (2)

b. The stilling basin length LSB

LSB = 2XE (3)

c. The stilling basin depth YSB

YS c = Yc + H (4)

Riprap. The previous study by CSU (Aot et al. 1991) recommended that

two gradations of riprap be used in the drop structure design. The larger gra-

dation is placed immediately downstream of the weir and along the basin floor,
while the smaller is placed in the remaining side slopes and in the approach.

The specific dimensions and placement can be seen in Figures 56 and 57.

Based on guidance from the Vicksburg District, the gradations were
selected. The two gradations came from a Lower Mississippi Valley Division

document. 1 These gradations are common to the Vicksburg District area.

The larger stone is based on a top side weight of 1,500 lb (R1500) and the
smaller has a top side weight of 200 lb (R200). The gradations are as follows

for specific weight of 155 lb/ft3:

Larger Stone Sine, lb Small Stone Sin, lb

Percent Ughter by Weight Upper Lower Upper Lower

100 1 ,500 600 200 so

50 J 50 300 so 40

15 330 100 40 10 I

Personal Communication, 22 January 1982, U.S. Army Engineer Division, Lower
Mississippi Valley, Vicksburg, MS, subject: 'Report on Standardization of Riprap Gradation.9
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The thicknesses, based on highly turbulent flow, for the R1500 and R200 stone
were 48 in. and 24 in., respectively.

Model description

The 1:12 scale model, shown in Figure 58, is constructed in a flume ap-
proximately 84 ft by 26 ft. It reproduces approximately 400 ft of the proto-
type approach channel, the weir, 128 ft of stilling basin and end sill, and
approximately 320 ft of downstream channel. The upstream and downstream
channels were constructed by molding sand and cement mortar to sheet metal
templates. The weir was constructed from plywood. The stilling basin was
constructed with sand, and graded rock was placed over filter cloth.

The water was supplied by a circulating system and discharges were mea-
sured with a venturi meter. Velocities were measured with a propeller type
electronic velocity meter. Water surfaces were recorded with piezometers.
Tailwater conditions were regulated by adjusting a tailgate until the most
downstream piezometer was reading the desired tailwater elevation. Flow con-
ditions were recorded with a video camera. Photos were obtained when riprap
displacement occurred in the stilling basin exposing the filter cloth. Failure of
riprap was defined as the condition where sufficient displacement occurred to
expose filter cloth. Tests were run for 120 min (model).

Model testing

In the previous model study by CSU (Abt et al. 1991), discharges and
submergences were varied while data regarding the flow conditions and the
stability of the stone were recorded. The testing in this study was designed to
evaluate the same conditions: the hydraulic performance of the 10-ft drop and
the stability of the riprap in the stilling basin. Submergence T as defined by
this study is the height of the tailwater over the weir divided by the critical
depth. High submergences can cause undulating flow conditions in the down-
stream channel while unsubmerged flow or low submergence can cause more
turbulence in the stilling basin, generating more scour. Since the main objec-
tive of the study was to address the stone size required for a 10-ft drop, the
original drop design (based on the dimension criteria in the subparagraph "Rip-
rap") was tested by lowering the submergence at design discharge until a
failure was observed.

Riprap failure during this testing occurred in a similar location to that
observed in the CSU model (Figure 59). Based on the observed scour pattern
and its inclusion of material on the side slopes, the next effort addressed a
modification to the weir shape to determine if the scour could be maintained
on the basin floor. A rectangular weir was installed and tested to failure (Fig-
ure 60). While the rectangular weir did indeed restrict scour to the basin floor,
it required a higher submergence to prohibit stone failure.
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RECTANGULAR WEIR i=40' TAEODLWI

PLAN

Figure 60. Rectangular and trapezoidal weir dimensions

Since the R1500 stone gradation was the maximum the Vicksburg District
felt could be placed in the field, the next testing effort evaluated the use of
grout. Testing was continued with discharges of 4,000 cfs and 5,300 cfs. The
tailwater was lowered until failure of the nongrouted riprap occurred or a
strong hydraulic jump formed over the grouted section. When a hydraulic
jump formed over the grouted section, some smaller stones were displaced
from the side slopes immediately downstream of the grout, but no filter cloth
was exposed.

Conclusions

Results. Initial tests were conducted with the type 1 design basin (Fig-
ures 56 and 57) and a discharge of 4,000 cfs. With the trapezoidal weir in
place, riprap failure occurred at tailwater elevation 102.0,1 as shown in Fig-

ure 59. The trapezoidal weir was replaced with a rectangular weir (Fig-
ure 60), and failure occurred at tailwater elevation 103, as shown in Figure 61.

1Elevations (ei) cited herein are in feet referred to the National Geodetic Vertical Datum

(NGVD).
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Testing was continued with a section of grouted riprap downstream of the weir
(Figure 62). With a discharge of 4,000 cfs, no failure of riprap occurred. The
lowest tailwater elevation tested was 99.0. At this elevation, a strong hydraulic
jump was present with good energy dissipation over the grouted area. These
tests were conducted with the trapezoidal weir only.

The next tests were conducted with the trapezoidal weir, grouted riprap
section, and a discharge of 5,300 cfs. This was the maximum discharge allow-
able without construction modifications to the model headbay. With a tail-
water elevation of 105.0, the plunging flow from the weir caused riprap failure
on both side slopes immediately downstream of the grouted riprap, as shown
in Figure 63.

In the original basin design (Figure 56), a small section of riprap (20 ft
long) was placed immediately upstream of the weir. The area was grouted due
to stone failure as the tailwater was lowered. Velocities in this area can
exceed 16 fps with a discharge of 4,000 cfs and 18 fps with a discharge of
5,300 cfs.

In general, stable riprap conditions in the ungrouted basin required higher
tailwater elevations (submergence) than in the grouted basin. While prototype
conditions of depth of flow for that channel size and the 4,000-cfs discharge
are on the order of 11 to 12 ft, tailwaters could actually be lower. The results
to date indicate that the grouted basin could be a viable option for areas where
a 10-ft drop is needed and where low tailwater conditions could occur.

The rectangular weir moved the failure zone off the side slopes and lowered
velocities in the approach channel upstream of the weir. Velocities over the
rectangular weir were comparable to and, at some tailwater elevations, higher
than those measured with the trapezoidal weir. The water surface elevation in
the approach channel was higher with the rectangular weir in place. The
energy was increased into the stilling basin due to the restricted cross-sectional
area of the weir causing riprap failure on the basin floor at a higher
submergence than the trapezoidal weir.

Status. A data report will be provided containing all data collected for the
conditions tested. It will also provide design recommendations regarding
hydraulic performance and riprap stability.

If the 10-ft drop is unsuitable due either to insufficient availability of
needed stable stone sizes or to unfavorable hydrodynamic conditions in the
approach or downstream channel, more testing should be considered. Further-
more, the testing should evaluate flow conditions above (in addition to the
5,300-cfs flow) and below the design discharge. These efforts are beyond the
scope of this study.
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Model Study of Bendway Weirs as Bank
Protection

"The bendway weir concept was previously developed on a WES movable-
bed model study of the Mississippi River conducted for the U.S. Army Engi-
neer District, St. Louis (Derrick and Pokrefke, in preparation). In that case,
bendway weirs were developed to eliminate sedimentation problems in the
bends of navigable streams where the natural point bar deposition on the inside
of the bend encroached into the navigation channel and restricted the channel.

Results of those original tests indicated that bendway weirs would not only
widen the channel in a bend, but would also change the way water and sedi-
ment moved through the bend by increasing velocities on the inside (convex
side) of the bend and lowering velocities on the outside (concave side) of the
bend. Thus the resulting currents were more evenly distributed across the
channel. The redistribution of currents also allowed bed material to accumu-
late on the outside of the bend in the deep portion of the channel, which added
stability to the revetted bank there. Tests also indicated that there may be an
improvement in the channel immediately downstream of the reach with bend-
way weirs. This change appeared to be a result of the redistribution of water
and sediment in the bendway and how, with the weirs in place, water
approached the downstream reach.

Since in those previous studies the weirs redistributed the movement of
water and sediment through the bendways, it was decided to investigate the
use of such weirs for the DEC Project to reduce the concentration of higher
velocities on the outside of an unprotected bank and possibly cause the deposi-
tion of material on the outside portion of the bend. If this could be accom-
plished, then the potential for bank failure would be reduced. Such a study
would have to address movement of both the bed and bank material. Typi-
cally, the composition of streambanks is highly variable from one stream to
another and even from one location to another on the same stream. Therefore,
the study conducted was not a model study of any particular DEC stream, but
rather an investigation in which both the bed and banks were composed of
sand and were erodible when subjected to flow. A synopsis of the model
study is given in the following sections. A detailed discussion of the model
study including test results is presented in Appendix F of this reporL

Development of study parameters

Prior to conducting any testing, various parameters had to be developed to
allow eventual extrapolation of the results to the DEC Project. Since this was
not a study of any particular DEC stream, it was felt that the study had to be
similar to the DEC streams; therefore, WES and the Vicksburg District con-
ducted a limited review of pertinent data from some of the DEC streams and
set some parameters for this investigation. The DEC data indicated that
several streams have a width-to-depth ratio of about 10; therefore, that value
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was used for the study. The planforms of Fannegusha, Harland, and Black
Creeks were analyzed for radius of curvature and degree of bend. The analysis
indicated that as in most natural streams there is significant variability in the
radii and degree of bend curvature. However, radius of curvatures equal to 2.5
times the top bank width and degree of curvature of 110 deg occurred often
enough to be representative for this study. The initial channel planform re-
flecting the selected radius of curvature and degree of bend and uniform chan-
nel cross section used in the model are shown in Figure 64.

The bed and bank material used were fine sand with a uniform size distri-
bution. The sand had a specific gravity of 2.65 and a size distribution with a
D,5 of 0.17 mm, a D50 of 0.23 mm, and a D85 of 0.30 mm.

Prior to testing, a symmetrical stage hydrograph was developed and the
discharge was adjusted in the study reach until reasonable sand movement was
obtained for all stages tested. The step hydrograph developed is shown in
Figure 65.

Model tests

Since the study was general in nature, no traditional verification to a
prototype was possible. Testing included base, Plan 1, Plan 2, and Plan 3
tests. The Plan 1 and Plan 2 weir layouts are shown in Figures 66 and 67,
respectively. Plan 3 consisted of hard point design presently in use by the
Vicksburg District on the DEC Project. The hard point field consisted of six
structures in the same locations in the bendway as the weirs in Plans 1 and 2.

Discussion of results

The study conducted was not of a specific stream within the DEC Project,
although it is anticipated that the results obtained will be applied to appropriate
DEC streams as a test of the bendway weir concept for bank protection. That
application should be closely monitored and evaluated as the channel or chan-
nels adjust to the bendway weirs. Modeling of bank recession phenomena is
qualitative, since the performance of any improvement plan in the real world
will be dependent on the material composition of the streambanks. This study
was conducted with fine sand with little or no cohesiveness. All testing was
conducted with one repetition of the discharge and stage hydrograph; therefore,
the channel configuration and bank recession may have been somewhat differ-
ent if several repetitions of the hydrograph had been conducted. Since no
sediment was introduced above the study reach during the test, stable long-
term conditions could not be evaluated.

This study represents a limited effort conducted for the DEC Project to
evaluate the potential use of bendway weirs for bank protection. Due to fund-
ing and time constraints, only a few options were studied. However, enough
was learned from this study to make a reasonable application for a "field
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Figure 65. Testing hydrograph for bendway weir testing

demonstration" of the bendway weir concept provided that all involved realize
the limited nature of the study.

The following results and conclusions were developed during the study:

a. Within the bendway, Plans 1, 2, and 3 provided essentially equal protec-
tion of the bank from recession.

b. Downstream of the bendway, Plan I provided more bank protection than
Plan 2, which provided more bank protection than Plan 3 (hard points).

c. The bendway weirs in Plan 1 were too long, causing scour on the inside
of the bendway.

d. The bendway weirs in Plans 1 and 2 were effective in realigning the
flow and moving the higher velocity currents from the bankline toward
the center of the channel.
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e. The longest bendway weir length (Plan 1) produced the maximum
amount of stream end scour. This additional scour could be attractive
environmentally relative to habitat diversity.
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12 FY 93 Work Plan

This chapter presents the work areas, funding requirements, and reporting
activities for the proposed DEC Program to be conducted by the Hydraulics
Laboratory at WES during FY 93.

The purpose of monitoring the DEC Project is to evaluate and document
watershed response to the implemented DEC Project. Documentation of water-
shed responses to DEC Project features will allow the participating agencies a
unique opportunity to determine the effectiveness of existing design guidance
for erosion and flood control in small watersheds.

This work plan proposes 11 technical areas, described in Chapter 1, for the
DEC monitoring program that would effectively monitor the major physical
processes of erosion. The following areas are to be monitored and/or
addressed:

a. Stream gauging.

b. Data collection and data management.

c. Hydraulic performance of structures.

d. Channel response.

e. Hydrology.

f Upland watersheds.

g. Reservoir sedimentation.

h. Environmental aspects.

i Bank stability.

j. Design tools.

k Technology transfer.
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WES is proposing significant activities in nine of the technical areas:

a. Data collection and data management.

b. Hydraulic performance of structures.

c. Channel response.

di Hydrology.

e. Upland watersheds.

f. Reservoir sedimentation.

g. Bank stability.

h. Design tools.

i Technology transfer.

The following is a general description of the work to be performed in the
nine technical areas and monitoring surveys during FY 93. The specific work
tasks discussed in each work area should be viewed as a starting point for
planning the FY 93 monitoring program. It is anticipated that the monitoring
program will need to be adjusted and changed as data are collected and
analyzed and new and different areas of concern develop. To accomplish this,
the Hydraulics Laboratory will work closely with Vicksburg District personnel
and will schedule quarterly review sessions with the Vicksburg District.
Monthly progress reports will also be provided to the District. This will allow
the monitoring program to be adjusted as necessary to meet the needs of the
DEC Program.

Data Collection and Data Management

The purpose of the data collection and data management work area was
described in Chapter 1. For FY 93, the work in this area will focus on placing
data collected during FY 92 and FY 93 into the engineering database. All
available data from Vicksburg District, ARS, and SCS will be included in the
engineering database. Historical data, i.e., pre-FY 92 data, will be added when
the data are required for analysis in other technical areas. Historical data will
also be placed in the database as time permits. The second area of focus for
FY 93 will be the collection of stage and discharge data at the 20 long-term
monitoring sites.
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Hydraulic Performance of Structures

A minimum of two grade-control structures will be selected for detailed
data collection to evaluate hydraulic performance of the structures. The struc-
tures will be selected and monitored as described in Chapter 1. The FY 93
focus in this technical area will be to determine the discharge coefficients for
the Long and Hotophia Creeks grade control structures. Measurements will be
taken of toe and end section scour at a selected dike field. The third task in
this technical area will be the development of structure rating curves for all
structures included in the long-term monitoring sites.

Channel Response

The channel response monitoring will be continued in FY 93. In addition
to the 20 sites undergoing intensive monitoring, two selected sites where no
structures are planned are also being monitored. These two sites serve as a
control group and will assist in the evaluation of the channel response to the
structures. Photo documentation of the structures and channels is being
included in the engineering database. Structures and channels in the perma-
nent monitoring set have been instrumented for stage and discharge to facilitate
in evaluating channel response, hydrographic analysis, and structural perfor-
mance. HEC-6 and the computer program SAM being developed in the Flood
Control Channels Research Program will be used to predict the stability of
channels monitored by this work effort. Some of the funding necessary for the
application of SAM to DEC watersheds is being provided by WES research
funds.

For FY 93, the channel response technical area accomplishments will be the
continued data collection and analysis at the 20 long-term monitoring sites and
the addition of two more long-term monitoring sites, bringing the total number
of long-term monitoring sites to 22. The sites to be added are located on the
lower ends of Abiaca Creek and Hickahala Creek. Detailed geomorphic stud-
ies for the watersheds resurveyed in FY 92 will be performed. The computer
programs HEC-6 and SAM will be used to model and analyze selected
channels.

The channel-forming discharge studies will be performed in parallel with a
related Flood Controls Channels Research Program work unit. Presently, the
DEC watersheds will provide prototype data that will be used to test design
procedures and techniques for the channel-forming discharge concept. Devel-
opment and documentation of a channel-forming discharge methodology could
result in significant design cost savings for local flood control projects, not
only for the DEC project but nationwide.

For FY 93, approximately $50,000 will be used to assist in the funding of a
physical model study to help determine the existence of a channel-forming
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discharge. The majority of funding for this model study will be from the
Flood Control Channels Research Program.

Hydrology

Hydrological models (HEC-1) of a selected number of watersheds are being
developed in FY 92 and similar models of the remaining watersheds will be
developed in FY 93. The hydrologic modeling and the hydraulic structures
monitoring are being coordinated so that the hydrologic parameters used in
HEC-1 can be verified at locations in the watersheds where USGS gauging
stations do not exist. Following hydrologic model development of the water-
sheds, work will concentrate on investigating the utility of using weather radar
as a tool in measuring precipitation rates and distribution over a watershed.

For FY 93, the hydrology work unit will concentrate on the development
and the updating of HEC-1 models for all the DEC watersheds. The HEC-1
model will then be used to develop flows for selected time periods. Accurate
flow data will increase the usefulness of studies being performed in the chan-
nel response technical area.

Upland Watersheds

The two areas related to the upland watershed area that require monitoring
are (a) system sediment loading (sediment yield) and (b) sediment production
from gully formation. Stabilization measures are being installed to reduce
erosion, and the purpose of upland watershed monitoring will be to determine
if there is a measurable change in the quantity of sediment being transported
from each watershed for the next 5 years. Data that have already been col-
lected by USGS and ARS for the past 5 years will be analyzed and interpreted
and serve as the baseline for future comparisons. Numerical modeling of the
sediment runoff from the watersheds will be incorporated into the data analysis
and interpretation process. Sediment production from two or three active
gullies will be analyzed by comparing surveys made prior to the design of
drop pipes and the survey made just prior to construction of the drop pipes.

For FY 93, the monitoring in the upland watershed technical area will be
performed by ARS.

Reservoir Sedimentation

Reservoir sedimentation studies are scheduled to begin in FY 94. Data
being collected in the other technical areas will be crucial input into this effort
once studies and analysis commence.
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Bank Stability

The FY 93 efforts in bank stability include the visual monitoring of all 15
DEC watersheds and reporting the results of this visual monitoring in the FY
93 technical report. It is anticipated that the data for visual monitoring will
come from low-level aerial videotaping of the channels. Analysis of data and
the initial development of a streambank stability computational method will be
performed as blended effort with the Flood Control Channels Research Pro-
gram. WES will do the hydraulic design, surveys, and layout of a bendway
weir design for prototype testing in a selected DEC stream.

Design Tools

In conjunction with ongoing research, WES will continue to develop design
tools for the planning and design of stable flood control projects.

Technology Transfer

WES will annually report on the DEC monitoring program using several
different formats. For FY 93, the following activities will be included in the
technology transfer:

a. A detailed WES technical report on monitoring, data collection, data
analysis, and project evaluation.

b. An updated engineering database on the Intergraph system including
aerial photos, surveys (channel and structural), and results of numerical
studies to be provided to the Vicksburg District.

c. A short executive summary report (5 pages or less).

d. Workshop on Grade Control for Channel Stability with some contribu-
tion from Flood Control Structures Research Program.

e. Workshop on the development of an engineering database for hydrologic
studies.

Monitoring Surveys

WES will be responsible for the scheduled monitoring surveying for FY 93.
Burney Branch and Abiaca Creek are the watersheds scheduled to be surveyed
as part of the FY 93 monitoring program. As a result of numerous problems
encountered during the detailed geomorphic studies performed in FY 92, alter-
natives to present surveying techniques will be explored. WES will coordinate
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with other Corps laboratories to determine if recent advances in surveying or
topographic data collections could result in a more complete data set without a
substantial increase in cost. Alternatives such as using aerial surveying tech-
niques and development of terrain models that would allow analysis of numer-
ous cross sections will also be investigated.
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13 General Assessment After
1 Year

As the result of FY 92 activities, the following assessments are given:

a. Field observations and preliminary analysis of channel surveys have
shown the following:

(1) High-drop structures work well for channel rehabilitation.

(2) Low-drop structures are effective for stopping channel headcuts.

(3) Low-drop structures have limited impact on sediment yield and
bank caving.

(4) Surveying channel cross sections at half-mile intervals is not
adequate for channel response analysis.

(5) Bank stabilization should be used with grade control.

b. Aerial video taping is a promising technique for monitoring channels.

c. The engineering database/GIS appears to be workable and cost effective.

d. The applicability of the engineering database/GIS is interdisciplinary.

e. Computed discharges from the HEC-1 hydrology model appear to be
consistently high.

f Preliminary results from the application of the two-dimensional
hydrology model, CASC2D, to the Goodwin Creek watershed indicate
potential for more accurate discharge calculations on DEC watersheds
than provided by HEC-1.

g. Knowledge gained in the DEC Project Monitoring Program is applicable
to flood control and navigation engineering.
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h. Both the acoustic water level sensors and the submerged pressure
transducers used in field data collection have performed satisfactorily
and, with proper maintenance, should continue to do so.

L Storm-event discharge measurements to be used in developing discharge
rating curves have proven extremely difficult to collect.
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- CLWA -1 RIE fHALITR 36 24

C WA -c MARS YHAI 42 30,
C OLDATE UIE MASALL __]YHALIA j 36 24
CW-1 COWA R IVE MARSHU ALL I BYHALiA j 54 - 421

CdWM-2 I WAARSUALL f BYHAUIA f 36 24
ZWWUS4 CLWATE IE MARSHALL BHA3624

3w -6 COLDWATE RIVE UARHALL SYHALIA 36 -24
NWU 65 COLD WATE RIVE UARSHAL SYALIA 36 24
ZWM -68 UODAE ALLE I M Et = YHALIA

WU-7 WAR RIVE U MASALL I 8YHAkAJA5 36
CWM-S CLDWA U ERIRIMASHALL 9Ir SO BYHALIA362
CWU-gl ICOL WAM IUSALL ___ _YHALIA __5436

CWM-92 ICLWATE W99 UARSHALL _____ 0 __1 36

CWM-93 COLDWATE RIVER MARSHALL _____ 361 24
CWM-95 COLDWATE RIVER MARSHALL ______ 0 ___3 24
CUWU -- 0 COLDWATE IE MARSHALL 1w 16 24
CFW -96 1 CLWATE IE MARSH4ALL _____ 0362
CWM-91 COLDWATR UIE MASHALL 1 _____ 0 1___3 24

CWU-MOB COLDWATER RIVER MARSH_ U ALL ________ ____ 361 2
CrW-M-10 COLDWATE RIVER _ MARSHALL_ TYRO__ 361 24
WUM-101 0OLWATE RIVE _ U H-ALL 70 361 24
HKL-1. HICKAHALA-SZNAT IA ________55.R7W.515 -SENAX rO 91A 30 -24
HKL-2 IHICKAHALA SENATOOIA _____5. W.815 S NA OIA 72 42
.HKL-3 ]HICKAHALA-SENATOGIA 'rsTS,R7W.SI5 SENATOSIA L 46 A6

HKL-6 HI KAHALA SENATOBIA ___ ______rs6W.S31 SENA IA J 45 36
HKL- 10 HMICKAHALA: SENATOSIA ______T6SASW.53 SENATOSIA do 4'3HKt- 3 HICKAHALA: SENATOSIA _________ TSS.R!AT5OIA 72 36

HK-1 HCKAHALA SENATOSIA ____ GW.3e.2 SEATOSLA 1 36 24.
HRL-1S HMICKAHALA-SENA7081A T65.ROW.012 SENATC011 so)0 42
HKL- 17 HNICKAHALA-SENATOOIA rSS.R6W.52 SENATOSIA 361 24
HKL-18 HMICKAHALA SENATOOIA r65.RSW.82 I EAOI 421 30
HKL-20 IHICKAHALA - SENATOSIA TGS.RGW.52 I SENATOOIA 401 36
HKL-22 HNICKAHALA-SENATOeIA ______ 5S.RsW.sE I TYO j521 24
HKI -23 HNICKAHALA SENATOBIA _____ 55.R5W.S2 I TYO ! J 2
HKL-24 IHICKAHALA-SENATOSIA T59.1!1!02 -YRO 7,1 4
HKL-25 IHICKAHALA -SENAT0OSIA TO____ r.RW. If SENATOSIA I _______ _38.
HKL-25 IHICKAHALA SHTIA ______ 6.RGW.52 ISENATOIAZ 61
HKL-27 IHICKAHAL SNATOSIA TOS.ReW.el: Si 8T01IA j 541 38
HKL-28 HICKAHALA-SENAT0131A ______ 65.R5W.57 ISENAIOA 481 38
HKL-29 HNICKAHALA SENATOS1A- r5S.R7W.S14 SENATOSIA 721 42
HKL-30 IHICKAHALA-SENATOBIA T ______rS.R5W.529 TYRO 541 42

HKL-31 IHICKAHALA-SENATOBIA ________2T_2_A

HKL-32 HIKHLA-SENATOBIA 5W____ I____ 721946
IHKL-35 HICKAHALA -SENATOSIA T5$.ROGW.534 SENATOBIA 1___ 601 ___ 4
HKI -37 HICKAHALA CEK4S5.W.30 SENATOBIA I___________
NKL-37 HICKAHALACREEK 48_5W.30 _______________I

_KL-38__________IE 59.5W.30 SENATOSIA ___________HKL-30 HICKAHAL CREEK 5SS.3". TENAOIA __________
H4KL-40 HAICKAI4ALA CREEK 59.5W.12 TYRO _________

MKL-410 HICKAHALA CREEK SW.2 TRI
HKL-42 HNICKAHALA CREEK TYR I____
HKL -42 HNICKAHALA CREEK 55W2 wo_____
HKL-43 HICKAHALA CREEK 5,W3 EAOI
HKL-45 HMICKAHALA CREEK = - 5S.6W.34 SENATOSIA _____ _____
HKL-46 HICKAHALA, CREEK 5S.GW.34 SENATOSIA _________
HKL-46 HICKAHALA GREEK 5S.SW.35 SENATOSA ______ _____
HKL.-47 HICKAHALA CREEK I5W3 iSENATOBI1A ___________

HKL-49 HICKAHALA CREEK 5S.W.3 SAT5SIA _____T_____
HKL-49 HICKAHALA CREEK 6S~W:314 SENATOBIA __________

HKL-5O HIKAALA CRE1EK 127W¶ SEAT22IA _________
HK-1HICKHAACREK67W¶ SNATOSIA __________

HKL -2 HCKAHALA CREEK OS7.8 SNASA ___________

HKL-53 HICKAHALA CREEK 16541W.11 ISENATOBIA
HK-4HICA"ALA C55.WE3 I___TYRO_____I

[ (Shmt 3of 6)



Table 9 (Continued)
SLASEL I WATERSHED ICOUNTY T.R.S QUAD RISER DIA I CONDUIT DIAl

HKL-55 HICKAHALA CREEK 53.5W.12 0TR
HKL-56 HICKAHALA CEK 6S-.5W.5 TYR
HKL-57 Hg KAHALA CEK 5S.5W.1S YR
HKL-19S HICKAHALA CRE 5.-sw.is TR
HKlL-59 HICKAHALA CEK 611.61N.23 SN IAT1A
HilL-GO6 HICKAHALA CREK6.61W.23 SENA OSIA
HNKL-61 HICKAHAI.ACREEK 58.IW.S SENA OIA
HI-Il H TOHIA I9.RW.S SADS -42 30
H -2 HOOPI TNM IW.S1 SARI 72 48
HTP-3 H TOHIA .W.A-6I0 * 36o 24

-' H MO HIA TOII -W6 IWIS U M543
H-1 H TOHIA IG -Asw-.R -sMR S48
T-7 IHOPI SW.NIF 48ol " 30

HT-I HOPHA NMSW.84 0 0 II 48 s
HTP-9 H TOHIA ostWIG SADI 7136
HTP-10 HOT PHIA TS.RWIG SADI 36 - 24
HTP-11 HO OHiA TsRWSWI I ADS 1I 4
HTP-12 HOT HIA TIS.R7S24 SADI 72 36
HTP-14 HOT HIA TAN39 T6I 7W.S59 w 72 54
HP-`17 H TOHIA WANOLA IS S.W.54 SAMIS 72 451
HTP-1WI HM MA PANOLA IS 5RW.933 OXFORD6 421
LN0-1 LONG TlOS.A7W.S6 OAKLAND It 46 361
LN0-2 LONG 1105.R7W.IG OAKLAND 54 4
LNG-3 LONG T10 -- 7 W.IGe OAKLAND 1 0 361
LNG-4 LONG WANOLA 60 4
LNG-S LONG 108. 7wyW.$g OAKLAND 42 3
LNO--I LONG TANOLA664
LMO-7 LONG MANOLA 36 2
LNG-S LONG ANOLA 42 3
LNG-10 LONG PANOLA 2.4
=O--1 OOCALOFA TII.RSW.514 WA Vi-3 24
bC-2 OOUCALOFA 11S.5.W. 14 WA V Y42 301
y-_5 0 OUCAL. A TtIS.RSW.3174 WAYBV V 42 301
OT-33 0 OUCALOFA 115. 4MW. 61 WA V V36 24

OTC-34- 0OUCALFA I.WS A V Y36 -24
OfC-al6A OTOUCALOFA TIOS. 4W.836 WATE VALLEY 36 30-
OTC-368 OOUCALOFA 115S.A4W.Sl WATE VALLY 36 24
OTC-380 OOUCALOFA ItS -- 4-W.512- -W-AfVALLEY 42 - 30
OTC-39g OTOUCAI.OFA T11S.R4W.312 WAE ALY42 30
FTC-40 OTOUCALOFA TIIS.R3W.SS 'WAMVALLEY 3024
O -TC-41 OTOUCALOFA TlIS.R3W.9G 'WA-TER VALLEY 42 3
OdTC -4 3 OTOUCALOFA TIMSR3W.S5 WATER VALLEY N0 24
OTC-44 IOTOUCALOFA IT115.R3WS5 WATER VALLEY 361 241
0 C-47 OTOUCALOFA 1I3W9 .

i8T8-33 ATOUPAN OFUE T20N.R3W.56 WUC VALLE I 4o 421
OTC-354 SATOUPAN OG TllS.REE.S15 DUCK HILLE1 361 241
* -368 SATOUPAL OGU T204RIE.S21 DUCKR HALLE 36 241

OT -410 GA UCAN OGUE 720N4.38.5 DCKR HIALLE 36 241
CFTC-247 ISTOUCANSOGU *120.R4E.S10 JWDUCKH-VLLEY2 4 2'=3
811C-42 ATOUPANSOUE iT2I.RSE.53 IDUATER VLLE 72 242i

* S-43 BATUPAN SOGUE 20N U3 DMCK HILL 6 30

8T8-44A BATUPAN BOGUE T20N.RIE.Si DUCKNHILL 2436[ T-2 SA(Sh..tETiAS.3-I of6Y341 0



[Table 9 (Continued) _______________

LABEL WATERSHED- COUNTY I T.R. Q UAD RISER DIA ICONDUIT DIA

ST-45 BATAN BOGUE I____ r2IN.R7E 028 IDUCK HILL 7216

tT-46 BATUANBOOGUE _____21N.RE.20 IUCKILL 1 361 24

-4 SATUAN B UE __20N.RE.22 KIIL 2uK a' 421
BT-40 SATUANBOGUE ARENADA 1N I MCCRE 60 42
BT-50 IBATUPAN BOGUE 21O TZP.f.11 IUGGIIE 1 2I

BT-55 IAT AN BOGUEWN -T1RES?8DUKHt725

-61- SATAN BOUE GRON !U- UZNRE5 CCNL 42 30'

4 A 0Um UK HILL 607 42
17-630 SATU OGUE tMNOU R T2R 6.3 DUCK HILL 30 34,

I-6-5 BA UPAN BOGUE DUCK H IILL 66 40

AB- SAA__F 1NE_2 EE-IS 72 246

_________CA 17?N. E.23 S5W -PINES 40 30
______LAC TIN.RE 14 SENN-INES* 46 30

'jA -IS 7 IACA ________ ¶ N S20 SEVN PINES ____ 54 42

!WA -IS- ASIACA _________ 17N II _SjVN IN 5 ____ 60o4
AA-20 AIACA I ______1NME11 511 N ýINES so 1___ 040
AA-21 ASIACA TI______1N.AES30 N INES so____6 ____ 40
iF-2 BLACK-FANNEGUSI4A ______IM N 031 L INGTON ____46a____ 36

B C-3 BLACK- FANNEGUSNA _______ SN.R0.29 L 1MG ON ____42 30
B -_6 BLACK- FANNEGUSHA ______14NA5.5 L IGON ____ 42 _____30

SF__ BLACK -FANNEOUSHA ______14N 5E.5 E11MG ON _______ 46 ____ 36
BrC-9 BLACK- FANNEOUSWA - ______ 14NME.S13 LEXINGTON -~____36 - 30

WFC10 RIACK-FANNEGUSHA _________ISH 22 - 1MGON ____42 _____30

FC12 BLAK-FANNEGUSHA ______14NA2.R 10 LEXINGTONI so___6 ___ 36
BFC-1 BLACK -FANNEGUSHA _______ I N 4 LE)NGTONT __ 42 ____30

BC18 BLACK - ANNEGUSHA ______ IN.R3. 21 DU -~____40

wc 19BLACK-FANNEGUSHA T_____IN 55 CIL ___ ____3

19 ACKFANEGSHA _______ILN. .014 1MGT0 ____ 46 30
8 23 BLAK- FANNEGUSFA _ S_____ IO, N __ 36 30
-24 BLACK-FANNEGUSHA __________ 14N. 310 NO ON go 36

FC25 BLACK'-FANNEGUSHA ______13N.R2E.0I0 i tA
BLRIACK -FANNEGUSHA ____ ___T3N.RIE.112 A 1 _._ 42 30
BL-j IACK- FANNEGUSNA _____TI4NA.53.3 JO1RAT 46 30

BFC-29 - LACK- FANNEGUSNA ______14N.RIF.014 L EXINGTON 1___ 42 30
.BFC 30 RI BACK -FANNEGUSHA ______TI4N.R ' jE.S12JTON __ 601 42BF-1BIACK-FANNEGUSI4A ______1NRE06J-0____ 02
RF-C 32 SLACK -FANNEGUSHA _____TISN.R3E.029 IDURANT ____42 _____30'

.BFC-33 BLACK -FPANNEGUSHA L _____T15N.R3E. 520 DOURANT 30 24
!BFC-33A BLACK -FANNEGUSHA [_____TISM R3E.020 DOURANT _____ 5 42
IBC3 RILACK -FANNEOUSHA T ______T4N.R2E.024 ILEXINGTON 1___ 36 ____ 24
IBC35 BIACK-FANNEGUSHA I ______T15N R3E.633 DOURANT 360____ 24.
IRC-36A BLACK- FANNEGUSHA_ I_____ TON.RIE. S34 LEXINGTON 42 _____30

I RFC-36C. BIACK- FANNEGUSHA I____ TISN.RIE.R34 LEXINGTON 362 ___ 24
,BFC-36D BIACK-FANNEGUSHA _____TION.RIE.S3 [LEXINGTON 7211 __ 42
!BFC-38 BLACK-FANNEGUSHA T_____ TISRE 03 EIOO60____
BF-C-39 BLACK- FANNEOUSNA [ _____TISM R3E.329 ILEXINGTON 54 _____36

BFC-40 RILACK- FANNEOUSHA ____ET14NR2E.S LEXINGTON 35 ___ 24
BL~ IACK- FANNEUSHA _____T14N.R2E. LEXI'TO 42 _____30

IFBC-44 BLACK- FANNEGUS NA[ __________2 ON EE___Z__T 2 46 36
'FC-45 BLACK- PFANNEGUSHA _________ 53 LEXINGTON ____30 ____ 24

IBFC-46 . LACK.-FANNEOUSHA ______TIN.R2E. SEVEN PINES ____42 _____30

IBFC-47 IBLACK.- FANNEOUSHA [_____TION.R23.512 SEVEN PINES ____42 _____30

BSFC-48 RI ACK-FANNEGUSNA ______TION.R3E.06 SEVEN PINES ____36 _____24

'BFC-49 BLACK- FANNEGUSHA _____TION.R2E.S1 SEVEN PINES ____54 ____36

C B SACK-FANNEOUSIIA _______"LEI TO 42 _____30

BF-5 BLACK - FANNEGUSHA T15N.R3E.026 L5MOO ___
____ ______22__ _____TSN3Sl DRN 36 24
SFC-53 BLACK -F ANNEGUSHA _________ TI3 IR¶E UJy 1 60 30
'BFC-54 BIACK-FANNEOUSHA _____TI6NR3E.922 DURANT 42 30

BFC -55 BL ACK - FANNE GUSHA __ _ __ _ 14N .R2E . LEXINGTON 12 24
.FC-56 BLACK-FANNEGUSI4A ___ _T15N.R3E.1 DURANT IV 243BFC-57 BLACK -FANNEGUSHA - .TISN.R2E.034 LEXINGTON 3652
8'F CN-56 RIACK-FANNEGUSHA -1N.RIE.3 LEXINGTON 46 36
jBFC-59 BLACK -F ANNEGUSHA R ____ 134N.R2E.517 VAUGN 46 36
BFC-60 RILACK-FANNEGUSHA ______IT13NRIE.53 LEXINGTON 7236
BFC-61 BL ACK -F ANNEGUSHA ______TION.R3E.S29 LEXINGTON 60 3a.

RC6 BLACK -FANNEOUSHA TI 3S' IDURA2 421 301
BF-3BLACK -F ANNEGUSHA :ýT 526 DN URANT! 3+0 24

WC64 BLCK - FANNEGUSI4A [T BR36 [LEXINGTON 1 601 4
BFC65 RLAK.FANNEGUSA ITIONR3E.S22 URT 5413

F_ (Shoot 5 of 6)1



Table 9 (Concluded)]

LABEL I WATERSHED COUNTY T .R.S 1 QUAD RISER DIA ICONDUIT DIAl

IF-6- LAC-K-MANNEOUSHA-CI4ICOPi TISN.R2E.513 LEXlINGTON 381 24
WP-67 BLACK- FANNeGUSHA - CHIGPA TISNAIE.621 LEXIGTN I 1 42
W-S- BLACK.4FiJREiUSAHICjrAZZZ 

_____Wr-69 BLACK 1ANNEGUSHA -!HI ZZIZZ LEXIN___ GTON _____

-- 0ICK-FANNEOUSHA-C~r"A iZ Z_____ ON_____
C-721BL~RACKNNEGUSNA-1CF- _______ ON I____

C-3 2 LACK-1 ANNEGUSHA-CHIC-OPA LXNGTON
F- a 9R-1 ANN GU HA-~i~ HI Mum f____
C-5 d LACK-i ANNEG-USMA-CHICOPALEIGO

- S LACK-1 ANNEOUSHA -CHICOPA VAUGHN _____

-C 77 tBACK-i ANNEGUSHA-CHICOPA LEINGON
BF-7a 115 LA CAK - ; A1 NNE 0U 3 A X -- C A RCMLi.A

a C-7I B LACK -FANNEGUSHA- CHICOPA COILA



Table 10
Aerial Videotapes of DEC Watersheds, USDA-ARS-NSL Flights
Spring 1992

Main Stem
(Fourth-Order Third-Order Second-Order First-Order
Tributary) Tributary Tributary Tributary

Hotophia Creek Harris Creek
(Tributary to Uttle Mill Creek
Tallahatchie River) Deer Creek

Marcum Creek

Long Creek Bobo Bayou
(Tributary to Yocona Johnson Creek
River) Hurt Creek

Goodwin Creek
Caney Creek

Toby Tubby Creek East Goose Creek
(Tributary to Little West Goose Creek
Tallahatchie River)

Burney Branch Burney West #1
(Tributary to Burney West #2
Yocona River)

Coldwater (Tributary to Hickahala Creek Hickahala N. Fork
Tallahatchie River) Hickahala S. Fork

Cathey Creek
James Wolf Creek
Senatobia Creek

Hurricane Creek WolN Creek
Panther Creek

Mussacuna Creek

Cane Creek Secret Creek

Beartail Creek Cuffawa Creek
Grays Creek Byhalia Creek
Camp Creek Redbanks Creek
Pigeon Creek

Otouca-Aa Creek Susie Perry Creek Spring Creek
(Tributary to Yocona Johnson Creek
River) Town Creek

Greasy Creek
Moore Creek
Gordon Creek
Otoucalofa S.#1

Mill Creek
Smith South
Sarter Creek
Hanna Creek
Smith Creek
Shippy Creek

Batupan Bogue Big Bogue Creek Eskridge Creek
(Tributary to Yalobusha Jackson Creek
River) Wilkens Creek

Sykes Creek

(Continued)1



Table 10 (Concluded)

Main Stem
(Fourth-Order Third-Order Second-Order First-Order
Tributary) Tributary Tributary Tributary

Jack Creek Caf.e Branch
Perry Creek Crowder Creek
Little Bogus Creek Epison Creek

Campbell Creek
Powell Creek
Mouse Creek

Black Creek Harland Creek Moccasin Creek Butterworth Creek
(Tributary to Williams Creek
Yazoo River)

Fannegusha Creek Bophumpa Creek Millstone Bayou
Tchula Lake Spring Branch

Chioopa Creek

Abiaca Creek Coila Creek

Pelucia Creek Ashley Creek
(Tributary to
Yazoo River)



4 i. II.

4" M Vq IN
"8 is sa a igg!

It j! .II-,

a a

V -. Ix 3 1 I

o ~ ~ ~ ~ . ,,. - IM. .. .t.' -,•,: 11.•,

4- -. i '

" "I tiIts qq W2 mv Sa s

e-, I

a . .. . I



SiiII I I i i , , ,

iii I . .ii Ii +

ia. , .1

11

Oil! 2

~ ** -~ I: U::-: !i!I•
I, iill I f

S.. .. +e.+. • •.•. .... H.
a 3.

Vm "" : AG A:• a o• 92 tSU 3 : Z G

4; 4 a W lo

.Z.Z as:. . as... .... ...... ..

as s 122. A

& a 6 -a w ao 5~ a. Z

.• . 3 .

-I--.I U SI I*js I I I.c -- III

322
0 c ; am

33 32! :: CUa.U .5
2 ..- -



IS~~ 5 I II IIII I I I

Z Z!

f s

1: J& IS

S 2

a- -o a ... I .s

!~ 9 A zz: :m••
0 a . a . C a
It It I !

+ +
- F ! .h

I 5 1 i i 1 31 III11 I I

. .P - .. - .0 .. .. 6 a i - r

wo Owa O. 0 me



IIij U
* LU

I
=1 1

U
- a

U;

A A

U a

F

�fl 1  * I

.1 .�i - I
� U*1 r.z

I Z�I a S

I ;;� �!i I di�� -

� * - - U

U Ui� x'h
iii Ii Ilil

!� HUE till �N EU EN N
- � .. 0n �33'I sit � aT W'

a.' -a

* - - .� - 5'

� 'S i- -- S - U
� � 00 0

gI; ;; ;j� U�I
� I --

0* flu ceo n . *�
�

�: : --
00 00 00 00 00 000000 @0 00

C -

=
C Io Ii

U
I

.3
I-

=



""Z

fixi

.iii -in '

a 001

J ! us iii- a -

!Fj .l *,

"o ".1 & Ia a 0 . a Fa a a a a O

--- In .. 
i.V

* U

Z ."

TIIa I 0I "a II III

33 .33 : Ot

am mom 0 00 00



I ain A

N II

'II

tfil
z i s MAA 22

"AA i: i - -- --

j. . jI I l i I

InIn - - In t, InJ 00 22 as V as

32 I In ~ii a a' a M as s



II

Ii "

% b. z l~, am

iii -u :
;:::! X1f

- ....ý I



Sa Ii I

0- J-
fi

Iw I

it It 5F hil
I ~b 3-..!

1- .fg23 PAZ

A ;; ~ 2332 3U 2 33322;;

!~~ . 222 .33 .- ----.

J~.M
~000

£0 -



-00

-- - -- -t

-a a

ti i 5

0 a 00 0 0 0 0 00 -

8- iic

,,m 2..

*iIJ ii~ iN im i m ai nnii unja lI i



-22.

_- I

.II 1 00
I 2.N

is A. nlZ~ f z. "

*. u .-

H a tll'z ! lie . 'a +t a'+ .1i

maIUi iu*U ii: xx
t! - - -...r m . -rnI t-!

S0 0 00. O

4 t:

- .1 i ~±.

Jgot MM4

'IL: ; It • • I

c ZZ

*S S0 c; 04 ~ - S

cm.



II

1% 2

-Is SIX

a~lmo o a B 0 a 00 0 0 0 0

w -I1

a w

CMt



I PLO

-a Z f!I

m . .- .. 2:

2 21 AS as 1.. Ot m z =4X; C

.a U



' ' I

II
I -

I! •

* ~ ... 3 _

€, I -.- - 5 -.

I i *'11 - I I



- -________________________________

II
III
IN
I
� Ii

IN
4'
Ci

ftP..

itia
rtl

.. - ft..II-..
�

C
o ii'

.2 ii "�

.0
U
I-



I I i.

I ILI
- il

116T~~~ ~ ~ ~ I~i -Z- tI it aýZ 611
M•l .l z 12 -. It _12- -l -l -- l- -2=

* -

texu

lcps

I I I I I I .l Il I



-m

Ha 2HI

U;

3~~ re - .

ladaA a la :

a-= am.

22OR Oft~@ 0



II

S

-:J

II

Si .1-

J- -lu 2 "- I

.. ,. .
- E•: 

€ @ G .. . . ..... . . ...

D~ 
Z' I -I i

0 .-.=.. ..- .00 . . 05- -1iin

,C"

R _ -J 
iII



-eL

It. I It '

0 ,l 1 MC .I A rSIi g

t.-. .. -a t.

1, -

- - I

C -2 i.s

so Z , I

CO)n



29l'

119

m o m a s - i s= .. .. .. . .. .. . ... . .

4 . .. 2t X n I Vn II r

'aN
M- St 3a a a

::. Z .9 x



=i__ _ _ _ _ _n_ _ _ _i_ _ _ __i_

I

1%I

C -

1 S
La - ..

hi ,,... L . _._ . X.. L X -e

Ilai a-
In st A g -

*.... .... ,,,ip ,,i,

.... 
iN Nl Nfl N flI

=I. - 'S - ', 0 .. .



II

'[I

- ell
'w 

F

C A-00

* 
103 

~ 

-

102



I I II

I tin 1.

I! i i im

I j I :

aI I a m l a ft 0

I .J £h i] i ]•

I..Io III

1C Q

' If -- I -*f 'iI ' f;
*fl * *0" -4f

-- -, i ** a. - ., , v.0 I I I



6'

Ujilt

?jrI - Ci

qu Mo CIil

I u~i. ffinIiasl ii 6*Mw.am
a - * - - ---- 

--- --

-2 2 2 s = : :I M mftx z

CD 00 00 00 00 00r a4 P4 3 D f r~~ s r

2 2= 21 AS
It . ... 4 o ; i
19c z::M



u w ý33
HEN j .0 j2

A 5



lIEW

Za Z

l w m an 'a wo ma Is am

asU 2; _. -U a

on ~ ~ *l -00 000 oa 0 0 0 0 w n

AS) A;;W 22 C -

LLAX 2IL2 owl~ S ~ ~ .me =0 69 .9! 6S ii 4; aCZ4 9 ;

Ii flIMu ~~z Z



.rJ.

+I'-

I c

ii

U I
eci,#+++= !

"- "•++*44c- a +++++° +! v +." !:

+ . • .

, .; ! !! I



I
*8

I"
'4
I I

*1

I
ii... ' �'

!� 4!!� � *

1-
U

� I:

.3-i-'

.1 � �
lug 2�M �33:

.5

-I --

C

0o I
V

.2

.0*
I- ii



Six-

6ll

iq
.-- E ;A ;

--. ~ z -



ICIA

|i 9S 9

'S lt iv n

I "t

o z a;1

N i II ! I : i =.

IP,, I ii l m

- I= I7 I. =
eaN 0,0400 00 a ij Z ; 4;A

Oci j

!! i !!i N!'



- 4
a 10

]Ii: I!

bl z I I

A .-1a e I

SI N IP.,.t,.

-0'* A2 4
s eeU

n no o as o00 0 0 .

Nit :::::'¶ i i
1.0000 @ o0 cc 00

,t..

;; A



ri

- =

us -i

c t0
j9

I •r I

II II I I! I IItII I I I l



Ni

~ I

- is-,

' ! --

-4 45 . I z

a.: 8 a st

Z- Z .. .. .- *! . '•

= -= ,SIR__ __,_=_ asi i Z2i __ i Vv 77I



.5

u.�ujig! I

4
C

0 - F
* - .k

1 .3I! I I
Ii -C

1111
IN

- 0 -. -n
fl.r, --

-- *'- ! LU- * .!w2 . . - 'U -4. . . --
- C � � v.a U �., -- n

- 4- 4- - -. 4. - I� *�� ii :�
44 e . -� j �

*04

� 2: ;2� �

� � -4.. A �: �3
� 0� %. *#.� 4�. ... .... -4. -

- --

CC -- �.?. -C

I



Table 16
Reach Parameters for Hickahala-Senatobla Creek Watershed

Channel Reach Icts Ifps Depth, ft Width, ft tSlope

Hickahala Creek and Tributaries, 1985

Hickahala 11 4,800 4.02 7.88 123 0.000420

22 6,957 5.52 9.80 129 0.001050

3 7,690 5.08 9.33 139 0.000690

4 4,712 6.03 7.82 100 0.001150

5 2,155 5.00 6.17 70 0.00160r

6 838 4.90 4.76 36 0.004260

Thornton 1 1,148 5.38 4.64 45 0.003431

2 410 3.89 3.71 28 0.003606

Basket 1 1,500 4.43 6.08 56 0.001280

2 1,045 4.22 5.28 47 0.001587

3 420 3.78 3.57 31 0.002393

Beards 1 1,879 4.71 7.12 56 0.001170

2 1.070 6.16 5.57 31 0.002780

Cathey 1 935 4.51 4.75 44 0.002330

2 630 4.27 4.01 37 0.002630

South Fork 1 1,035 5.04 5.49 37 0.002970

2 820 5.06 5.71 28 0.002840

Hickahala Creek and Tributaries, 1991

Hickahala 11 4.800 4.62 8.96 116 0.000470

22 6,957 5.44 9.92 129 0.001010

3 8,219 5.38 10.73 141 0.000680

4 4,427 6.19 7.58 94 0.001210

5 2.155 5.02 5.98 72 0.001680

6 942 4.34 5.23 41 0.002940

Thornton 1 1,148 4.31 5.80 44 0.001633

2 410 3.70 3.98 28 0.002978

Basket 1 1,500 3,89 6.45 60 0.001157

2 1,045 4.13 5.63 45 0.001562

3 420 2.82 3.82 39 .0.001224

(Sheet 1 of 3)

1 40 percent 2-year discharge.
2 55 percent 2-year discharge.



Table 16 (Continued)
Discharge Veloc

Channel IReach is fP , Depth, lt Width, elt aSnope

Hickahaela Creek nd Tributaries, 1991 (Continued)

Beards 1 1,879 4.52 6.85 61 0.001140

2 1,070 5.47 5.90 33 0.002040

Cathey 1 935 4.67 5.39 37 0.002110

2 630 4.57 4.36 32 0.002700

South Fork 1 1,035 4.77 5.58 39 0.002600

2 820 5.22 5.03 31 0.003570

James Wolf and TrIbutaries, 1985

James Wolf 1 4,776 5.40 7.67 115 0.000786

2 4,100 6.37 6.89 93 0.001262

3 1.628 4.32 5.47 69 0.001780

Martin Dale 1 1,180 5.45 4.72 46 0.003440

James Wolf and Tributaries, 1991

James Wolf 1 4.880 5.23 8.49 109 0.000645

2 4,100 6.21 7.13 93 0.001148

3 1,629 4.26 5.59 68 0.001695

Martin Dale 1 1,180 5.42 4.79 46 0.003330

Senatobla Creek and Tributaries, 1965

Senatobia 13 1.720 3.30 5.47 95 0.000460

24 5,990 5.72 8.46 122 0.000770

3 4,435 5.35 7.10 116 0.001470

Matfic 1 9,440 8.76 0.79 95 0.001780

2 4,380 5.62 1.06 67 0.001050

Tolbert Jones 1 1.800 5.12 7.15 49 0.001750

2 780 3.03 6.59 39 0.000680

Senatobia Creek and Tributaries, I 991

Senatobia 13 1.720 3.35 5.37 96 0.000490

24 5,990 5.57 8.71 119 0.000700

3 4,282 5.26 7.15 113 0.001410

Mattic 1 9,440 9.22 0.66 95 0.002010

2 4,380 5.30 0.67 72 0.000980

(Sheet 2 of3)

3 10 percent 2-year discharge.
4 35 percent 2-year discharge.



ITable 16 (Concluded) I

Discharge velocity
Channel IReach ids lips IDepth, It IWidth, ft ISlope I

Senatobla Creek and Tributaries, 1091 (Continued)

Tolbert Jones 1 1.800 3.81 7.28 61 0.000M0
422 780 4. [4.69 0.21

(Sheet 3 of 3)



Table 17
Change In Reach Values for Hickahala-Senatobla Creek
Watershed from 1985 to 1991

Channel lReach Velocity, do I Depth, ft jWd* ft slope

Hickahala Creek and Triutarles

Hckahala 1 0.60 1.06 -7 0.000050

2 -0.08 0.12 0 .0.000040

3 0.30 1.40 2 -0.000010

4 0.16 -0.24 -6 0.000060

5 0.02 -0.19 2 0.000080

6 -0.56 0.47 5 -0.001320

Thomnon 1 -1.07 1.16 -1 -0.001798

2 -0.19 0.27 0 -0.000628

Basket 1 -0.54 0.37 4 -0.000123

2 -0.09 0.35 -2 -0.000025

3 -0.96 0.25 8 -0.001169

Beards 1 -0.19 -0.27 5 -0.000030

2 -0.69 0.33 2 -0.000740

Cathey 1 0.16 0.64 -7 -0.000220

2 0.30 0.35 -5 0.000070

South Fork 1 -0.27 0.09 2 -0.000370

2 0.16 -0.68 3 0.000730

James Wolf and Tributaries

James Wolf 1 -0.17 0.82 .6 -0.000141

2 -0.16 0.24 0 -0.000114

3 -0.04 0.12 -1 -0.000085

Martin Dale 1 -0.03 0.07 0 -0.000110

Sonatobla Creek and Tdbutares

Senatobia 1 0.05 -0.10 1 0.000030

2 -0.15 0.25 -3 -0.000070

3 -0.09 0.05 -3 -0.000060

Matfic 1 0.46 -0.13 0 0 000230

2 -0.32 -0.39 5 -0.000070

TolbeNt Jones 1 -1.31 0.13 12 -0.000610

2 1.26 -1.90 0 0.001470

Note: Changes were calmialed by aubtractIng the 1985 data from the 1991 data.



Table 18
Percentage Change In Reach Parameters for Hickahala-Senatobla
Creek Watershed

[Channel Reach DIscharge, cIa Velocity, fps ID"*m ft Wwith, ft ISlope

Hlckahala Creek and Tributaries

Hickahala 1 4,800 + + +

2 6,957 - -

3 8,218 + +

14 4,427 - - +

5 2,155 -~ - +

6 942 + +-

Thornton 1 1,148 ++ -

2 410 - +

Basket 1 1,500 - + +

2 1,045 +- +

3 420 - + ÷+ -

Beards 1 1,879 +- - -

2 1.070 + +

Cathey 1 935 - +

2 630 + +

South Fork 1 1,035 - +

2 820 - + ++

James Wolf and Tributaries

James Wolf 1 4,880 - + -

2 4,100 - - ~

3 1,629 .....

Marlin Dale 1 1,180 - ~ -

Senutobla Creek and Tributaries

Seratobia 1! 1,720-

[2 5,990-~

(Con~trued)

Note: - Between -5 and +5% change
+ Between +5 and +20% change

Between -5 and -20% change
+-+ Between +20 and +35% change
- Between -20 and -35% change
+++ Between +35 and +50% change
- Between -35 and -50% change
.... Greater than 50% change
- Greater than -50% change



Table 18 (Concluded)

[Channel Reach I Discharge, f. IVelocty, I". Depth, ft WIdth, It So

Senatobla Creak and Tributaries (Continued)

Senatobia 3 4,282 -

(Continued)

Matfic 1 9,440 +

2 4,380 - .+

Tolbert Jones 1 1,500 - - ++ -

2 780 +++ L-



Table 19
Reach Parameters for Long Creek Watershed

Channel Reach aI fps I Depth, ft Width, ft Slope

Peters Creek and Tributaries, 19515

Peters 1 17,000 4.85 10.11 347 0.000600

2 17,200 5.66 10.56 288 0.000770

3 15.000 6.12 10.73 229 0.000680

4 14.600 7.10 11.89 173 0.001030

Bobo 1 2,000 4.15 6.44 75 0.001040

2 1.800 5.11 5.06 69 0.002180

Peters Creek and Tributaries, 1991

Peters 1 '7.000 4.87 10.05 347 0.000610

2 17,200 5.85 10.01 294 0.000680

3 15,000 6.17 10.62 229 0.000900

4 14,600 7.39 12.67 156 0.001030

Bobo 1 2,000 4.57 6.29 70 0.001300

2 1,800 3.44 4.78 109 0.001070

Long Creek and Tributaries, 1985

Long 1 5i,767 5.07 5.89 193 0.001340

2 4,700 5.46 6.72 128 0.001300

3 2.200 5.67 5.33 73 0.001910

4 1.900 5.43 5.28 66 0.001780

5 1,700 6.06 4.95 57 0.002420

Caney 1 2,500 3.79 4.74 139 0.001000

2 2,000 6.44 5.96 52 0.002130

3 1.700 6.31 5.79 35 0.002130

4 1,300 3.71 5.96 56 0.000710

Long Creek and Tributaries, 1991

Long 1 5,767 5.00 6.47 178 0.001150

2 4,700 5.29 7.25 123 0.001110

3 2,200 5.49 5.38 74 0.001770

4 1,900 6.23 5.36 57 0.002290

5 1,700 6.44 5.25 50 0.002530

Caney 1 2,500 4.19 6.58 91 0.000790

(Coninued)



Table 19 (Concluded)

Discharge elocity

Channel Reach fs Ips IDepth, ft WIdth, ft 1SoPe
Long Creek and Tributaries, 1991 (Continued)

Caney 2 2,000 6.15 5.65 58 0.002090
(Continued)

3 1.700 16.50 5.86 38 0.002220

4 1,300 15.56 4.30 54 10002450

Johnson Creek and Tributaries, 1965

Johnson 1 5,400 5.51 8.17 120 0.001020

2 3,000 5.47 5.13 107 0.001880

3 2,900 5.46 6.00 89 0.001520

4 2,600 6.08 5.58 77 0.002070

5 1,800 5.62 5.66 57 0.001740

Hurt 1 2.900 6.34 6.35 72 0.002470

2 2,600 16.38 6.82 60 0.002280

Johnson Creek and Tributaries, 1991

Johnson 1 5,400 4.94 9.19 119 0.000700

2 3,000 4.81 5.16 121 0.001440

3 2,900 5.78 5.79 87 0.001780

4 2,600 6.86 5.58 68 0.002640

5 1,800 5.63 6.70 48 0.001390

Hurt 1 2,900 6.22 5.75 81 0.002730

2 2,600 6.00 6.34 68 0.002220



Table 20
Changes In Reach Parameters for Long Creek Watershed from
1985 to 1991

[Channel Reach Velocity, fps Depth, ft Width, ft Slope

Peters Creek and Tributades

PetOrs 1 0.02 -0.06 0 0.000010

2 0.19 -0.55 6 0.000110

3 0.05 -0.11 0 0.000020

4 0.29 0.78 -17 0.000000

Bobo 1 0.42 -0.15 -5 0.000260

12 -1.67 -0.28 40 -0.001110

Long Creek and Tributaries

Long 1 -0.07 0.58 -15 -0.000190

2 -0.17 0.53 -5 -0.000190

3 -0.18 0.05 1 -0.000140

14 0.80 0.08 -9 0.000510

5 0.38 0.30 -7 0.000110

Caney 1 0.40 1.84 -48 -0.000210

12 -0.29 -0.31 6 -0.000040

3 0.19 0.07 3 0.000090

4 1.85 -1.66 -2 0.001740

Johnson Creek and Tributaries

Johnson 1 -0.57 1.02 -1 -0.000320

2 -0.66 0.03 14 -0.000440

3 0.32 .0.21 -2 0.000260

4 0.78 0.00 9 0.000570

5 0.01 1.04 -9 -0.000350

Hurt 1 -0.12 -0.60 9 0.000260

2 -0.38 -0.48 8 -0.000060

Note: Changes were calculated by subtracting the 1985 from the 1991 data.



Table 21
Percentage Change In Reach Parameters for Long Creek
Watershed

[Channel lReach IDischarge, cf Velocity, fps DI)epth, ft Width, ft iSlope

[ _ __Peters Creek and Tributaries

Peters 1 17,000 -...

2 17.200 - - +

3 15 ,000 - ...

4 14,600 - + -

Bobo 1 2,000 + - ++

2 1,800 - ++++

Long Creek and Tributaries

Long 1 5.767 + e

2 4,700 ~ + -

3 2,200 - - -

4 1,900 + - ++

5 1,700 + + -

Caney 1 2,500 + - -

2 2,000 - + -

3 1,700 - - + -

4 1,300 1 -- - ++++

Johnson Creek and Tributaries

Johnson 1 5,400 + - -

2 3,000 - + -

3 2,900 + + e

4 2,600 + - ++

5 1,800 -+

Hurt 1 2,900 ~ + +

2 2,600 +

Note: - Between -5 and +5% change
+ Between +5 and +20% change

Between .5 and -20% change
++ Between +20 and +35% change
-- Between .20 and -35% change
+++ Between +35 and +50 change
-- Between -35 and -50% change
.... Greater than 50% change

Greater than -50% change



Table 22
Reach Parameters for Batupan Bogue Watershed

etaiv.,- i Iwdth -. o,
a ichrg Velocity Depth WithPercent of 2-YearChannel Reach lefs Iflps If Slope I-Discharge1

Batupan Bogus and Tributaries, 1985

Batupan 1 14,196 5.52 11.75 216 0.000811 70
Bogue

2 13,860 4.81 13.01 221 0.000547 70

3 13,860 4.40 12.49 252 0.000485 70

4 12,989 5.23 3.07 190 0.000643 70

5 12,989 4.61 12.72 222 0.000518 70

Perry 1 3,400 3.05 9.81 114 0.000290

2 3.400 5.00 7.39 92 0.001140

3 3,400 5.35 6.59 96 0.001520

4 3,400 4.75 5.64 127 0.001470 >

5 3,400 7.66 6.23 71 0.003340 >

6 3,400 6.48 6.29 83 0.002360 >

Jack_ 1 12,000 3.99 7.31 67 0.000730

L2 2,000 6.40 6.64 47 0.002140 •

F_ Batupen Bogue and Tributaries, 1991

Batupan 1 14,140 4.96 11.26 253 0.000637 70
Bogue

2 13,860 5.00 12.12 229 0.000588 70

3 13,686 4.81 12.94 219 0.000498 70

4 12,989 4.93 12.90 204 0.000526 70

5 12,989 4.91 12.19 217 0.000562 70

Perry 1 3,400 1.99 9.95 164 0.000120

2 3,400 4.59 7.42 100 0.000950

3 3,400 5.17 6.78 97 0.001360

4 3.400 5.44 7.44 84 0.001330 >

5 3,400 5.16 5.67 116 0.001730 >

6 No Data

Jack 1 2,000 3.56 7.99 68 0.000520

2 2,000 6.02 6.53 51 0.001940 >

(Sheet 1 of 4)]

1 -= greater than 2-year discharge.



ITable 22 (Continued)

D(scharge Velocity Depth Width Percent of 2-Year
lChannel IReach Icfs Ifps I t ItSlope IDischarge

Little Bogus and Tributaries, 1985

Utile Bogue 1 7,600 6.84 10.15 109 0.001392 80

2 7,600 6.03 9.25 133 0.001224 80

3 7,600 4.96 9.46 145 0.000604 80

4 6,940 4.56 9.16 1156 0.000711 80

5 6,720 5.95 10.31 110 0.001031 80

6 6,720 5.84 11.25 102 0.000685 80

7 3,520 3.17 11.41 97 0.000255 80

8 3,520 4.83 8.32 86 0.000907 80

9 3,520 5.01 10.71 43 0.000695 80

10 3.520 5.74 8.88 42 0.001172 80

Crowder 1 1,900 4.90 6.50 60 0.001290

2 1,900 6.74 5.52 51 0.003050 >

3 1,900 6.28 5.39 33 0.002730 >

Powell 1 1,675 5.23 6.77 47 0.001400

Mouse 1 2,100 3.78 8.86 63 0.000510

2 2,100 6.32 6.71 49 0.002060 >

3 2,100 5.53 5.84 65 10.001900 >

Uittle Bogus and Tributaries, 1991

UttLe Bogue 1 7,600 6.12 8.50 146 0.001410 80

2 7,600 6.48 1.47 102 0.001060 80

3 7,600 6.01 0.76 117 0.000990 80

4 6,720 5.33 11.05 114 0.000750 80

5 6,720 6.21 11.32 96 0.000990 80

6 6,720 4.81 12.70 110 0.000510 80

7 3,520 4.15 9.71 87 0.000540 80

8 3,520 5.68 7.49 83 0.001440 80

9 3,520 4.32 11.57 48 0.000470 80

10 No Data

Crowder 1 1,900 4.59 5.84 71 0.001308

2 1.900 5.97 5.64 56 0.002321 •

3 1,900 6.53 5.31 47 0.003010 •

(Sheet 2 of 4)



Table 22 (Continued)
Discharge Velocity Depth IWidth Percent : 12-Year

Channel Reach jfs fie It If Slope IDiscag

F Utie Bogus and Tributaries, 1991 (Continued)

Powell 1 1,675 4.82 6.59 53 0.001230

Mouse 1 2.100 3.40 8.52 73 0.000433

2 2,100 6.31 7.21 46 0.001870 >

3 2,100 5.53 5.76 66 0.001940 >

Big Bogue and Tributaries, 1985

Big Bogue 1 6,640 6.14 9.27 117 0.001266 80

2 6,640 4.74 18.79 156 0.000609 80

3 6.640 4.60 8.94 160 0.000748 80

Sykes 11 3,100 4.72 7.32 90 0.001030

2 3,100 6.04 7.02 73 0.001770 >

Jackson 1,000 2.36 6.49 65 0.000300

2 1.000 5.01 4.07 45 0.002530 >

Eskridge 11 3,400 5.15 8.28 80 0.001030

2 3,400 6.31 7.66 70 0.001720 >

3 3,400 8.10 7.47 56 .002940 >

Worsham 1 No Data

2 3,400 5.63 7.97 76 0.001300

3 3,400 7.44 7.68 60 0.002390 >

4 3,400 9.54 7.31 37 0.004200 >

East Fork 1 1,300 6.17 4.61 46 0.0U3240

Big Bogus and Tributaries, 1991

Big 1 6,640 6.19 8.74 123 0.001390 80

2 6,640 4.96 9.85 136 0.000760 so

3 6,640 5.01 10.25 127 0.000740 80

Sykes 1 3,100 3.71 5.93 141 0.000837

2 3,100 5.30 6.46 90 0.001525 >

Jackson 1 1,000 1.86 7.17 75 0.001133

12 1,000 2.46 5.66 54 0.002710 >

Eskridge 1 3,400 5.79 8.39 70 0.001280

2 3,400 5.78 8.37 70 0.001290 >

3 3,400 8.52 7.47 53 0.003250

(Sheet 3 of 4)



[Table 22 (Concluded)

fDischarge Velocity Depth Width Percent of 2-Year

Channel Rech cicss I ft [, slope J Discharge

Big Bogue and Tributaries, 1991 (Continued)

Worsham 1 3,400 4.28 8.43 93 0.000700

12 3,400 6.03 8.29 68 0.001420

3 3,400 7.45 7.55 60 0.002450 >

4 3,400 8.28 8.20 40 0.002710 >

East Fork 1 1,300 5.48 5.71 42 0.001920

(Sheet 4 of 4)



Table 23

Changes In Reach Parameters for Batupan Bogue Watershed

Cannel v elocity, f" 0"111 ft Wklt,, ft Sop

Batupan Bogus and Tributaries

Betu4an 1 -0.56 -0.40 37 -0.000174

2 0.19 -0.89 8 0.000041

3 0.41 0.45 -33 0.000013

4 .0.30 -0.17 14 -0.000117

5 0.30 .0.53 -5 0.000044

PeOy 1 -1.06 0.14 50 .0.000170

2 -0.41 0.03 8 .0.000190

3 -0.18 0.19 1 -0.000160

4 0.69 1.80 -43 .0.000140

5 -2.50 -0.56 45 -0.001610

6 No Data

Jack 1 -0.43 0.68 1 .0.000210

2 -0.38 .0.11 4 .0.000200

iUttle Bogus and Tributaries

UWO Bogus 1 -0.72 .1.65 37 0.000018

2 0.45 2.22 -31 -0.000164

3 1.05 1.30 -28 0.000186

14 0.77 1.89 -42 0.000039

5 0.26 1.01 -14 -0.000041

6 -1.03 1.45 8 -0.0o0375

7 0.98 -1. 70 -10 0.000285

8 0.85 -0.83 -3 0.000533

9 -0.69 0.86 5 -0.000225

10 -5.74 -8.88 -42 -0.001172

Crowder 1 -0.31 -0.66 11 0.000018

2 -0.77 0.12 5 -0.000729

3 0.25 -0.08 14 0.000280

Powell 1 -0.41 -0.18 6 -0.000170

Mourns 1 -0.38 -0-34 10 -0.0o0077

I aget w al bu c 1 d

I!N4ote: Changes were calculatled by subtracting 1985 data from 1991 date.



ETable 23 (Concluded)

Channel Reach Velocity, fps Depth, ft WIdth, ft Slope

Meto Boguo and Tributaries (Continued)

Mouse 2 -0.01 0.50 -3 ,0.000190
(Continued)

3 0.00 .O.O8 1 0.000040

Big Bogus and Tributaries

Big Bogue 1 0.05 -0.53 6 0.000124

2 0.22 1.06 -20 -0.000049

3 0.41 1.31 -33 -0.000008

Sykes 1 -1.01 -1.39 51 -0.000193

2 -0.74 -0.56 17 -0.000245

Jackson 1 -0.50 0.68 10 0.000833

2 -2.55 1.59 9 0.000180

Eskridge 1 0.64 0.11 -10 0.000250

2 .0.53 0.71 0 -0.000430

3 0.42 0.00 -3 0.000310

Worsham 1 No Data

2 0.40 0.32 -8 0.000120

3 0.01 -0.13 0 0.000060

4 -1.26 0.89 3 -0.001490

East Fork 1 -0.69 1.10 -4 -0.001320



Table 24
Percentage Changes In Reach Parameters for Batupan Bogue
Watershed

lChannel lReach IDischarge, cfs lVelocity, fps IDepth, ft IW~dth, ft -sl-ope
Batupan Bogue and Tributaries

Batupan 1 14,140 +
Bogue

2 13,860 +

3 13,686 + -

4 12,989 +-

5 12,989 + - ~ +

Perry 1 3,400 -

2 3.400 - +

3 3,400 - - -

4 3,400 + ++ -

5 3.400 ++++ -

6 No Data

Jack 1 2,000 +- -

2 2.000 - +

Uttle Bogue and Tributaries

Uttle Bogue 1 7,600 ++

2 7,600 + ++ ""

3 7,600 ++ + ++

4 6,720 + ++ +

5 6,720 + ~

6 6.720 " + +-

7 3,520 ++ 4+++

8 3,520 + - +

9 3,520 + +

10 No Data

(Conbnued)

Note: - Between -5 and +5% change
+ Between +5 and +20% change
- Between -5 and -20% change
++ Between +20 and +35% change

.. Between -20 and -35% change
+++ Between +35 and +50% change
--- Between -35 and -50% change
+.++ Greater than 5-% change
---.. Greater than -50% change



Table 24 (Concluded)

[Climnn ftRach Discharge, es IVelocity, fps IDepth, ft IWIdth, It ISlope

[ett Bogue and Tributaries (Continued)

Crowder 1 1,900 - + -

2 1.900 + -

3 1,900 ++÷ +

Powell 1 1.675 - +

Mouse 1 2,100 I- +

2 2.100 - +,

3 2100- -

[ -_Big Bogue and Tributaries

Big Bogue 1 6,640 - i+

2 6,640 - .+

3 6,640 + + -

Sykes 1 3,100 - .-++-

2 3,100 ++

Jackson 1 1,000 -- + + ++++

2 1.000 - +++ ++ +

Eskridge 1 3,400 + -+
2 3,400 +, -

3 3,400 +- +

Worsham 1 No Data

2 3,400 + - - +

13 3,400 - I - -

4 3,400 + -

East Fork 1 1,300 -++ -



Table 25
DEC Gage Instrumentation Completed for FY 92

Sit lInstallation Date Crest GGag Reo g uge aton a B@sin

2 22 Jan 92 - 2 Fannegusha Black

3 23 Jan 92 2 1 (04/17/92) Abiaca Abiaca

4 23 Jan 92 2 - Abiaca Abiaca

5 02 Feb 92 2 1 Coila Abiaca

7 16 Dec 91 2 2 Nolehoe Coldwater

8 16 Dec 92 4 1 (05/22/92) Lick Coldwater

9 16 Dec 92 4 1 (02/12/92) Red Banks Coldwater

11 05 Feb 92 2 2 Hickahala Hickahals

12 25 Feb 92 2 2 Burney Burney

13 22 Oct 91 2 3 Hotophia Hotophia

15 21 May 92 2 1 Saeter Otoucalofa

16 14 Apr 92 - 2 Perry Batupan

18 15 Jan 921 4 6 Worsham Batupan

19 04 Feb 92 2 2 James Wof Hickahala

20 01 Oct 91 3 3 Long Long

Total 33 29

Deployed and 33 29
Operational

Lost or 2 1
Destroyed

Replaced 2 11

1 Instruments at West Fork of Worsham Creek were installed prior to 20 Nov 92, others at the
approximate date shown.
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development of the engineering database on Intergraph workstations was completed and made available to the U.S.
Army Engineer District, Vicksburg, for testing.

In the area of hydraulic performance of structures, a model study to determine the feasibility of a iuw-
drop structure using a 10-ft drop was conducted. Selected high- and low-drop structures were instrumented with
stage gauges. The stage data will be used in calculating discharge coefficients for rating curves.

In the area of channel response, the first detailed topographic survey of the 20 long-tem sites was
completed. The initial broad-based geomorphic studies of 10 watersheds and detailed geomorphic studies of 3
watersheds were completed.

In the area of hydrology, development of H73C-1 hydrology models for 10 watersheds was initiated. The
evaluation of the CASC2D hydrology model using the Goodwin Creek watershed was initiatetl.

In the area of bank stability, a model study to determine the applicability of the bendway weir concept for
bank stabilization was conducted.

In the area of design tools, a riser pipe design system housed on the engineering database (Intergraph)
was developed, tested, and made available for District use on the Coldwater River watershed.

In the area of technology transfer, a video report on the DEC Project was completed, and a second video
report on channel degradation processes was initiated.


